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GENERAL INTRODUCTION 
Long-term selection studies involving quantitatively inherited 
traits are of interest to breeders and biometricians. They provide 
basic knowledge about relative efficiency of breeding procedures, 
genetic structure of highly selected populations, long-term effects of 
selection, and other aspects of quantitative genetic theory. Long-term 
selection studies also provide useful genetic material for breeding 
programs and genetic studies. Because the number of long-term 
selection studies currently under study is relatively small, detailed 
investigations evaluating selection are needed to exploit the long-term 
investment made in these studies. 
'Iowa Stiff Stalk Synthetic' CBSSS) has been an important maize 
(Zea mays L.) population in basic and applied research studies conducted 
at Ames, Iowa, since 1939 (Hallauer and Miranda, 1981; Hallauer et al., 
1983). BSSS was developed in 1933-34 (Sprague, 1946), and different 
cyclical selection programs have been conducted in this synthetic by 
different methods of selection and for different traits (Sprague, 1946; 
Penny and Eberhart, 1971; Eberhart et al., 1973; Rogers et al., 1977; 
Russell et al., 1979; Hallauer and Miranda, 1981; Hallauer et al., 1983). 
Seven improved strains of BSSS have been developed from those programs 
by 1978, but information on the relative performance of the different 
strains was not available. Additionally, an attempt was made to 
resynthesize BSSS by recombining 15 of the 16 original lines that 
formed this synthetic (Hallauer et al., 1983). BSSS had been maintained 
at Ames, but complete records were not available for the number of times 
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BSSS had been increased to maintain viable seed supplies, and the 
population size and procedures used during the seed increase process. 
In this study, relative performance of nine BSSS strains (the 
stock maintained at Ames, its resynthesized version, and seven improved 
strains) was determined by evaluating the strains per se and a diallel 
series of crosses among the strains. The study also included the S^ 
generation of each strain and each strain cross. 
The objectives of this study were to: 
Cl) Detect genetic selection-induced differences among the BSSS 
strains and to evaluate effectiveness of recurrent selection 
based on yield and pest resistance, and 
C2) Investigate the effect of selection-induced differences on 
genotype-environment interactions, and to compare various 
statistical procedures available for the determination of 
patterns of response to environmental variations of the 
materials studied. 
Review of Literature 
'Iowa Stiff Stalk Synthetic' 
The basic material used in this study was a maize synthetic 
population designated 'Iowa Stiff Stalk Synthetic', or BSSS, according 
to the descriptive nomeclature used to designate synthetic cultivars 
developed by the cooperative federal-state maize breeding project at 
Ames, Iowa. A detailed review on the origin, characteristics, and 
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breeding history of BSSS was given by Hallauer and Miranda (1981), and 
Hallauer et al. (1983), and only a brief description will be included 
here. 
BSSS is a synthetic population that was developed during 1933 and 
1934 by intermating 16 inbred lines that were considered to be above 
average for stalk quality at that time. Although the precise origins 
of the lines that formed BSSS were not known in all instances, BSSS is 
commonly considered a 'Raid's Yellow Dent' type. BSSS has been the 
source population frequently used in quantitative genetic, breeding 
methods, and selection studies conducted at Ames. Moreover, it is one 
of the most intensively studied and used populations in the United 
States. BSSS was the base population for initiating half-sib recurrent 
selection in 1939. This was one of the first recurrent selection 
programs for yield improvement of maize. Half-sib recurrent selection 
was expected to improve the general combining ability of BSSS. Seven 
selection cycles were completed in 1972 and the improved strain was 
designated BSSS(HT)C7. The common tester used throughout the seven 
cycles of half-sib selection was the double-cross hybrid Ial3 [(L317 x 
BL349) (BL345 x MC401)]. Ten selected lines were recombined each 
cycle. After the completion of seven cycles of half-sib recurrent 
selection, a program based on selection of and S^ progenies was 
initiated in BSSS(HT)C7, and the improved breeding population was 
redesignated as BS13(S) . Ten selected lines were recombined each cycle. 
Selection in both breeding populations [BSSS(HT) and BS13(S)] was 
primarily for grain yield and resistance to root and stalk lodging in 
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all cycles, with some selection for first-generation European corn borer 
(Ostrinia nublilalis Hubner) in the last two cycles. Selection in 
BSSSCHT) was effective for yield improvement of the population per se 
and in crosses with three testers [Ial3, BSSS original strain, and 
BSCBl(R)]. Positive response for yield improvement also was obtained 
in BS13(S). 
BSSS also was one of the source populations used for starting 
reciprocal recurrent selection CRRS) in 1949. The counterpart popula­
tion in the RRS program was 'Iowa Corn Borer Synthetic #1' (BSCBl). 
Twelve inbred lines with acceptable levels of resistance to the first-
generation European com borer (Ostrinia nubilalis Hubner) were used to 
develop BSCBl. RRS was expected to produce the maximum improvement of 
the cross between these two populations, and, simultaneously, the 
improvement of the populations themselves. Eight cycles of RRS were 
completed in 1976, and the BSSS improved strain was named BSSS(R)C8. 
Ten selected lines were intercrossed each cycle of RRS. Grain yield 
was the primary trait under selection, but some attention was given to 
grain moisture content and lodging resistance. Response to RRS was 
positive in the population cross, but, indirect response in BSSS(R) 
and BSCBl was erratic, although the response in BSSS(R) was usually 
positive. Indirect responses in BSSS(R) itself were generally less 
than responses showed by the population crosses. But BSSS(R) 
performance per se was confounded with the effects of inbreeding and 
genetic drift resulting from the small effective population sizes used. 
5 
Selection programs for pest resistance also have been conducted 
using BSSS as the source population, particularly for resistance to 
corn rootworm (Diabrotica virgifera Le Conte) and first-generation 
European com borer (Ostrinia nubilalis Hubner). Two BSSS strains, 
BSSS(RW) and BSSS(CB), were subjected to recurrent selection for 
resistance to the two pests, respectively. Both strains did not have 
any previous selection for yield improvement. 
Relative to other maize populations, BSSS is considered above 
average as a germplasm source of inbred lines with bet ter-than-average 
combining ability. Inbred lines developed from BSSS usually show 
excellent hybrid performance when they are crossed to lines developed 
from 'Lancaster Surecrop'. Furthermore, hybrids developed from elite 
inbred lines extracted from improved strains of BSSS often express 
outstanding yield performance. Yield of BSSS as a population itself 
is below average, but it has better-than-average combining ability in 
crosses with other maize populations. 
It was speculated that the relative performance of BSSS per se 
and in crosses may have been influenced by the procedures (population 
size, number of pollinations, hand pollination or field isolation) 
used to maintain the population for the past 50 years. Because no 
complete information was available about seed maintenance and the 
number of times seed of BSSS had been increased to maintain viable 
supplies, a resynthesized version of the original strain was produced. 
The resynthesized strain (BSSSCO') was developed by recombining 15 of 
the 16 original lines that formed BSSS. 
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Quantitative genetic studies have been conducted to characterize 
genetic variability present in BSSS. Relative to other populations 
BSSS has less genetic variability, but whereas estimates of additive 
genetic variance for yield in other populations were, on the average, 
1.6 times greater than estimates of dominance variance, the value of 
both types of estimates were similar for BSSS. Estimates of inbreeding 
depression, however, tended to be smaller for BSSS than for other maize 
populations. 
Genetic analysis 
Three related genetic models were used to determine genetic 
changes Cin terms of combining ability, heterosis, cumulative gene 
effects, gene frequency, and inbreeding depression) that have occurred 
in BSSS via different recurrent selection programs conducted at Ames. 
A brief review on the theory and development of these models will be 
presented. 
The theory for the genetic study of means of populations that 
can be developed from an initial cross between two inbred lines by 
selfing, random mating, and backcrossing was presented by Mather (1949), 
Anderson and Kempthorne (1954), and Kempthorne (1957). The theory 
included the estimation of genetic parameters that characterize the 
quantitative expression of gene action. Commonly, the characterization 
is based on estimates of the magnitude of the cumulative additive, 
dominance, and epistatic gene effects and their contribution to the 
total variance among generation means. 
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Anderson and Kempthorne (1954) proposed a genetic model based on 
the factorial model used in the design of experiments. Their model can 
be used for populations derived by successively selfing a n-loci 
heterozygous genotype, as well as for populations developed from a 
cross of a pair of inbred lines by selfing and crossing. The model 
enables the estimation of locus effects and epistatic parameters in 
populations in which gene frequency is 0.5. Anderson and Kempthorne 
(1954) assumed in their model that linkages and lethal genes were 
absent and that viability was constant for all the genotypes involved 
in the analysis. 
Hayman (1958b, 1960) proposed other model for the study of 
generation means. He defined the following genetic parameters for the 
case of two loci: 
m = constant common to all generations; 
a = pooled additive effects; 
d = pooled dominance effects; 
aa = interaction between additive effects; 
ad = interaction between additive and dominance effects; and 
dd = interaction between dominance effects. 
An assumption of Hayman's model is that all the desirable alleles 
are present in one parental line and all the undesirable ones in the 
other. This assumption, however, may not be valid when parental 
values are similar. Additional assumptions of the model are: parental 
homozygosity, normal diploid segregation, two alleles per locus, 
additivity of genotypic and environmental effects, and absence of 
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linkage and maternal effects. Hayman (1960) indicated that unique 
estimates for additive and dominance effects cannot be determined in 
the presence of epistasis; when epistasis is present its effects 
cannot be separated from linkage (Kempthorne, 1957). 
The limitations in the tests for genetic effects in the analysis 
of generation means from a single pair of parents are obvious (reduced 
power of tests and estimability of main effects when there are inter­
actions) . The limitations are less severe in a joint analysis from 
several parents (Cockerham, 1980). Where more than two inbred lines 
are available for a generation mean analysis, either different mating 
systems carried out simultaneously or diallel crosses can be utilized 
(Mather and Jinks, 1971). 
A diallel set of crosses includes all possible matings among 
several genotypes (Hayman, 1954b). Analyses of variance for diallel 
crosses have been described and their use illustrated in the literature 
for a number of variations in the mating design, including the presence 
and absence of parental genotypes and reciprocal crosses, and whether 
the parental genotypes are a fixed sample (Model I) or a random sample 
(Model II) of a reference population (Hayman, 1954a, 1954b, 1957, 1958a, 
1958b, 1960; Griffing, 1956; Kempthorne, 1956; Jones, 1965). The 
relative advantages and disadvantages of Models I and II for the 
analysis of diallel crosses were reviewed by Sokol and Baker (1977), 
Baker (1978), and Hallauer and Miranda (1981). Hayman (1954b), 
Kempthorne (1956), and Griffing (1956) stated the assumptions in which 
the theory and analysis of diallel crosses are based. The assumptions 
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are: diploid segregation, no difference between reciprocal crosses, 
independent action of nonallelic genes, no multiple alleles, homozygous 
parents, and independent distribution of genes between the parents. 
The assumptions of no multiple alleles and independent action of 
nonallelic genes (i.e., no epistacy) were removed by Kempthorne (1956). 
Baker (1978), from a literature review, concluded that absence of 
epistacy in the interpretation of diallel statistics is not a realistic 
assumption. 
The diallel analysis of Hayman (1954b) was extended by Hayman 
(1958a) to include the generation of the diallel crosses among a set 
of inbred lines. Tests of epistacy were conducted by extending the 
diallel analysis. Mather and Jinks (1971) indicated that the inclusion 
of the backcrosses in the analysis permits an increase in the accuracy 
of measurements of the components of genetic variation. 
During the 1940s and 1950s, the general approach to the genetic 
theory and analyses of generation means and diallel crosses was focused 
on the study of populations derived from crosses between inbred lines 
(Mather, 1949; Hayman, 1954a, 1954b, 1957, 1958a, 1958b, 1960; 
Anderson and Kempthorne, 1954; Kempthorne, 1956, 1957; Griffing, 1956). 
Theoretical studies directed to populations developed from noninbred 
parents received less emphasis. Pollak et al. (1957) studied the level 
of performance of advanced generations (F^ and backcross) of variety-
crosses relative to the F^ and parental varieties to obtain evidence . 
for the importance of epistasis in panmictic populations of maize. 
Robinson and Cockerham (1961) developed a generation mean analysis 
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which applied to two varieties and the F^, and selfs of each. The 
varieties were assumed to be in Hardy-Weinberg equilibrium, and the 
theory was presented for a multiple loci situation. The model was 
developed to detect presence of epistacy. 
The general theory for the study of a fixed set of varieties, 
their crosses, and related populations was developed by Gardner (1965), 
and Gardner and Lonnquist (1966). They developed their analysis from 
existing knowledge on the genetic structure of panmictic populations. 
Gardner (1965) presented the expected genotypic means of a set of 
varieties in Hardy-Weinberg equilibrium, the varieties selfed, the F^  ^
crosses among the varieties, the variety-crosses selfed, and the 
variety-crosses random mated. The expected means were given in terms 
of the mean (U) of a set of random inbred lines that could be derived 
from all the varieties, additive effects (ay), dominance effects (d^), 
and heterosis effects (hUj,). Gardner and Lonnquist (1966) provided a 
detailed presentation of the statistical genetic theory and procedures 
useful in studying varieties and intervarietal crosses in maize. They 
indicated that information obtained from studies involving the parental 
varieties and other populations derived from them can be useful in 
reaching conclusions about the types of gene action involved in the 
inheritance of quantitative traits and in understanding heterosis and 
inbreeding depression. 
Gardner aad Eberhart (1966) expanded the model proposed by Gardner 
(1965). They partitioned the heterosis parameter (by^,) into average 
heterosis (h), variety heterosis (h^ and h^,), and specific heterosis 
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(Sjj,) effects. Gardner and Eberhart presented three types of analyses 
depending on the entries included. The complete analysis (Analysis I) 
can be performed only when the generation of the varieties and (or) 
the variety crosses are included. In their paper, Gardner and Eberhart 
compared and contrasted their analyses with those proposed by Hayman 
(1954a, 1957), and Griffing (1956). The assumptions of the Gardner 
and Eberhart model include diploid inheritance, two alleles per locus, 
and no epistasis. 
Eberhart and Gardner (1966) expanded the model presented by 
Gardner and Eberhart (1966) and developed a more general one which 
applies to a multiple allele situation and included additive x additive 
type of epistatic gene effects. They provided the expected genotypic 
means for: parental populations, the generation of them, population 
crosses, the and first randomated generations of the crosses, 
backcrosses, the generation of those backcrosses, and three- and 
four-way crosses among the parental populations. Gardner (1982) 
furnished the advantages of the use of the genetic model developed by 
Gardner and Eberhart (1966), and Eberhart and Gardner (1966) : 
(1) The model applies to most types of quantitative traits 
(morphological, physiological, biochemical and agronomic). 
(2) The assumptions involved are minimal (for genetic interpreta­
tions, parents are assumed to be at the same level of 
inbreeding). 
(3) It can be used for any set of parents (related or unrelated) 
and relatives developed from them. 
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(4) The genetic information that can be obtained is greater than 
the one provided by other genetic models because of the 
number of generations that can be analyzed. 
(5) Three- and four-way crosses can be predicted from the full 
model. 
(.6) The model can be modified for evaluating recurrent selection. 
Hammond and Gardner (1974) modified the general model for the 
analysis of variety cross diallels (Gardner and Eberhart, 1966), and 
for use when diallel crosses are made using a parent population and 
various selected cycles obtained from it by some systematic selection 
program. Because the cumulative additive (a^) and dominance (d^) 
effects defined by Gardner and Eberhart (1966) for the improved strains 
are a function of a^ and d^ in the parent population, the modified 
model allowed the partitioning of the gain from selection into that due 
to homozygous and heterozygous effects. Smith (1979a, 1979b) proposed 
a modification of the Hammond and Gardner model that included a 
parameter that can be used to measure changes in levels of inbreeding 
which would occur in most recurrent selection programs. Therefore, 
the modification provided by Smith C1979a, 1979b) related changes in 
the mean of selected strains to changes in allelic frequency and 
inbreeding. 
Genotype-environment interaction analysis 
An understanding of the nature and consequences of genotype-
environment interactions in recurrent selection programs for maize 
improvement is of fundamental importance. Selection decisions are 
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generally based on a very reduced sample of the population of environ­
ments for which breeding is undertaken because of the costs associated 
with yield testing. On the other hand, the end-products of selection 
are commonly expected to be successful throughout the target population 
of environments. Thus, information on changes in genotype-environment 
interactions in genetic material produced by means of selection can be of 
substantial importance to the breeder for the formulation of breeding 
objectives and for the design of selection experiments. 
Although yield responses to recurrent selection are probably 
accompanied by changes in genetic-environmental interactions, direct 
experimental evidence is lacking (Moll et al., 1978). Characterization 
of responses to environmental variations in populations before and 
after selection may provide a valuable insight into the effects of 
selection on genetic-environmental interactions (Moll et al., 1978). 
A considerable number of statistical procedures is available for 
characterizing the response of genotypes grown under different 
environmental conditions. The use of replicated performance tests 
over a range of environmental conditions is one of the most commonly 
used methods (Moll and Stuber, 1974). The combined analysis of data 
collected in different environments provides mean squares for the test 
of overall significant genotype-environment interactions. 
Genetic and environmental effects generally are not independent 
(Moll and Stuber, 1974), but some studies have revealed a linear, or 
nearly linear, relationship between the performance of different 
genotypes across environments and an environmental index (Yates and 
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and Cochran, 1938; Finlay and Wilkinson, 1963; Rowe and Andrew, 1964; 
Eberhart and Russell, 1966; Perkins and Jinks, 1968). Because of the 
linear relationship, these authors suggested linear regression analysis 
to characterize patterns of response to changes in environments. The 
regression analysis also has been used to obtain measures (parameters) 
of phenotypic stability (Moll and Stuber, 1974). Average yield, 
regression coefficient, and deviations from regression are commonly used 
to characterize the stability of the materials being evaluated. 
Although workers disagree either on the definition of stability 
or on the use of statistical parameters of stability (Becker, 1981), 
it is generally agreed that the more stable genotypes can adjust their 
phenotypic responses to environmental changes (Moll and Stuber, 1974). 
Eberhart and Russell (1966) defined a stable cultivar of maize for the 
United States as one with a regression coefficient of unity and 
deviations from regression as small as possible. 
The regression analysis has been a useful technique for measuring 
stability in practical plant improvement work, but it does not 
completely satisfy rigorous statistical requirements (Moll and Stuber, 
1974). A basic objection to some of the regression analyses is the 
choice of the environmental index on which the regression is made 
(Hill, 1975). Because the environmental index used often includes the 
mean of all the cultivars grown in a specific environment (i.e., each 
cultivar is included in the environmental index), the estimates for 
each cultivar are not independent of the environmental means on which 
they are regressed (Hill, 1975). Fripp and Caten (1971) and Jinks and 
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Connolly (1973), cited by Hill (1975), suggested the use of control 
cultivars or extra replications of the complete cultivar set to obtain 
independent estimates of the environment. Mather and Caligari (1974) 
suggested a model which included the regression of the mean of each 
entry on the mean of all other entries evaluated at that particular 
environment to overcome the criticism of the lack of independence. 
Two other parameters suggested to measure cultivar stability are 
"ecovalence" values (Wricke, 1962), and the "stability variance" 
(Shukla, 1972). Ecovalence values are the contribution of a genotype 
to the total genotype x environment interaction sum of squares, and 
the stability variance is an unbiased estimate of genotype x environ­
ment interaction variance for each cultivar. The coefficient of 
determination (Pinthus, 1973) , which measures the proportion of the 
total variation due to regression, the range CLanger et al., 1979), 
and variance across environments (Francis and Kannenberg, 1978) also 
have been used to measure phenotypic stability. Correlations between 
stability parameters reported in the literature differ, however, in 
value (Langer et al., 1979; Hanson, 1970; Nguyen et al., 1980; Becker, 
1981; Gray, 1982). 
Multivariate techniques also have been used to assist breeders in 
the study of genetic-environment interactions, especially when these 
are not easily explained by simpler methods of statistical analysis. 
Mungomery et al. (1974) and Byth et al. (1976) used pattern analysis 
for characterizing genotypic response to variable environments. A 
primary aim of the pattern analysis approach is to detect either 
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similarity of response among genotypes or environmental similarity. 
Unlike the linear regression approach, the pattern analysis requires 
no previous assumption to the analysis regarding the type of response 
of genotypes across environments, so that any pattern of response may 
be identified (Eisemann et al., 1977). Differences in response 
patterns can be related to the genetic background and selection 
history of the genotypes being evaluated, and specific differences in 
response can be related to these influences and to environmental 
differences CEisemann et al., 1977). 
Hierarchical cluster analysis techniques, one branch of pattern 
analysis, are used in most instances to define groups of genotypes. 
A basic assumption in the cluster analysis approach is that disconti­
nuities exist in the data. The extent of these discontinuities will 
determine the precision in the group definition process (Eisemann et 
al., 1977). Several hierarchical grouping methods exist, and their 
use mainly depends on the availability of the different types and on 
the degree of structure or distinctness among groups of response 
patterns in the data (Eisemann et al., 1977). 
Explanation of Thesis Format 
This dissertation includes two sections. Section I includes the 
results of the genetic analyses for the detection of genetic selection-
induced differences among the BSSS strains and the evaluation of the 
effectiveness of recurrent selection for yield improvement and pest 
resistance. Section II includes the results of the analyses conducted 
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to investigate the effect of selection-induced differences on 
genotype-environment interactions. 
Each section is in the form of a complete manuscript that will be 
submitted to a professional journal. An Appendix to Section I 
appears at the end of the dissertation. The Appendix will not be 
included in the published manuscript. A section of general conclusions 
and discussion of the two sections follows Section II. References 
cited in the General Introduction are listed in "Additional References 
Cited," following the General Conclusions and Discussion. The alternate 
format is authorized on p. 6 of the revised 1981 edition of the Iowa 
State University Thesis Manual. 
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SECTION I. GENETIC ANALYSIS 
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ABSTRACT 
Relative performance of nine 'Iowa Stiff Stalk Synthetic' (BSSS) 
strains of maize (Zea mays L.) was determined by evaluating the strains 
per se and diallel crosses among the strains at six environments in 
1981-82. Objectives were to detect genetic selection-induced 
differences among the strains and to evaluate effectiveness of 
recurrent selection for yield improvement and pest resistance. 
BS13(S)C2, the strain with the longest history of selection, had 
the highest yield per se (7.83 Mg ha and the highest yielding S^ 
generation (5.82 Mg ha ^). Average yield of the 36 strain crosses 
-1 -1 
ranged from 6.10 Mg ha for BSSSCO x BSSS(RW)C2 to 9.37 Mg ha for 
BSSS(R)C8 X BS13(S)C2. The best cross included the two strains that 
had the greatest number of cycles of selection for yield improvement 
(eight and nine cycles, respectively). Inbreeding depression effects 
for yield were considerably less for the highly selected strains and 
for crosses involving those strains. Selection for resistance to 
Ostrinia nubilalis Hubner did not significantly affect yield, but, 
selection for resistance to Diabrotica virgifera Le Conte did have a 
significant negative correlated effect on grain yield. Root lodging 
resistance of the improved strain BSSS(RW)C2, however, was 53% superior 
to BSSSCO. 
The largest significant positive estimates of additive (.a^) effects 
for yield were exhibited by BS13(S)C2 and BSSS(R)C8 (1.54 ± 0.036 Mg 
-1 -1 ha and 0.671 ± 0.036 Mg ha , respectively). The nine strains had 
large significantly positive estimates of dominance (dU) effects for 
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yield, which indicated that intrapopulation dominance effects were 
important in BSSS. Only BSSS(R)C8, BSSSCO', BSSS2(S2)C2, and 
BSSSCRW)C2 had significant estimates of strain heterosis (by) effects 
for yield. Average heterosis of all crosses was 11.7%. 
Changes in frequency of additive (.A^) effects due to selection for 
yield improvement were more important for BS13(S)C2 than for BSSS(R)C8. 
The opposite was observed in terms of change in frequency of alleles 
with dominance (D^) effects. Actual rate of gain in yield per cycle 
-1 -1 in BS13(S)C2 was 0.167 Mg ha (2.6%), compared to 0.118 Mg ha 
(1.9%) for BSSS(R)C8. By removing the confounding effects of drift 
-1 (Dq), the rate of realized gain per cycle (Ag) was 0.279 Mg ha 
(4.4%) for BS13(S)C2 and 0.259 Mg ha"^ (4.1%) for BSSS(R)C8. The 
-1 
magnitude of the estimates for BS13(S)C2 (-0.008 ± 0.001 Mg ha ) 
and BSSS(R)C8 (-0.012 ± 0.001 Mg ha ^) represented a yield reduction 
of 1.296 Mg ha ^ (over nine cycles) and 1.536 Mg ha ^ (over eight 
cycles), respectively. 
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INTRODUCTION 
Long-term selection studies involving quantitatively inherited 
traits are of interest to breeders and biometricians. They provide 
basic knowledge about relative efficiency of breeding procedures, 
genetic structure of highly selected populations, long-term effects 
of selection, and other aspects of quantitative genetic theory. Long-
term selection studies also provide useful genetic material for 
breeding programs and genetic studies. Because the number of long-term 
selection studies currently under study is relatively small, detailed 
investigations evaluating selection are needed to exploit the long-term 
investment made in these studies. 
'Iowa Stiff Stalk Synthetic' (BSSS) has been an important maize 
(Zea mays L.) population in basic and applied research studies conducted 
at Ames, Iowa, since 1939 (Hallauer and Miranda, 1981; Hallauer et al., 
1983). BSSS was developed in 1933-34 (Sprague, 1946), and different 
cyclical selection programs have been conducted in BSSS by different 
methods of selection and for different traits (Sprague, 1946; Penny and 
Eberhart, 1971; Eberhart et al., 1973; Rogers et al., 1977; Russell et 
al., 1979; Hallauer and Miranda, 1981; Hallauer et al., 1983). Seven 
improved strains of BSSS had been developed by 1978, but information on 
the relative performance of the different strains was not available. 
Additionally, an attempt was made to resynthesize BSSS by recombining 
15 of the 16 original lines that formed this synthetic (Hallauer et al., 
1983). BSSS had been maintained at Ames, but complete records were not 
available for the number of times BSSS had been increased to maintain 
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viable seed supplies, and the population size and procedures used 
during the seed increase process. 
In this study, relative performance of nine BSSS strains (the 
stock maintained at Ames, its resynthesized version, and seven improved 
strains) was determined by evaluating the strains per se and diallel 
crosses among the strains. The study also included the generation 
of each strain and each strain cross. The main objectives were to 
detect genetic selection-induced differences among the BSSS strains 
and to evaluate effectiveness of recurrent selection based on yield 
improvement and pest resistance. 
23 
MATERIALS AND METHODS 
The basic germplasm source was 'Iowa Stiff Stalk Synthetic' 
(BSSS). A detailed review on the origin, characteristics, and breeding 
history of BSSS was presented by Hallauer and Miranda (1981), and 
Hallauer et al. (1983). Nine strains of BSSS were used. The nine 
strains included the original BSSS stock (BSSSCO) maintained at Ames, 
Iowa, a resynthesized strain (BSSSCO') developed by recombining 15 of 
the 16 original lines that formed BSSS, and seven strains developed 
from selection programs for yield improvement and pest resistance 
conducted in the cooperative federal-state maize breeding project at 
Ames. The strains and selection procedures used in those programs were 
described previoulsy (Sprague, 1946; Penny and Eberhart, 1971; Eberhart 
et al., 1973; Rogers et al., 1977; Russell et al., 1979), and only a brief 
description of the selection methods and traits under selection will 
be included. 
BSSS(R)C8 was developed from BSSS by eight cycles of reciprocal 
recurrent selection with 'Iowa Corn Borer Synthetic #1' [BSCBl(R)] as 
the tester (Penny and Eberhart, 1971; Eberhart et al., 1973). Selection 
was primarily for yield. 
BS13(,S)C2 was developed from BSSS by seven cycles of half-sib 
selection and two cycles of Sg selection (Hallauer and'Smith, 1979). 
Selection was primarily for yield. The seven cycles of half-sib 
selection were conducted using the double-cross Iowa 13 [(1317 x BL239) 
(BL345 X MC401)] as the tester, and the improved population was 
designated BSSS(HT)C7. After S^ selection was initiated in BSSS(HT)C7, 
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the improved breeding population was redesignated as BS13(S). 
BSSS(CB)C3 was developed from BSSS by three cycles of selection 
for first-generation European corn borer (Ostrinia nubilalis Hubner) 
resistance (Russell et al., 1979). BSSS(CB)C3 did not have any 
previous selection for grain yield. 
BSSS2(S1)C3 and BSSS2(S2)C2 were developed from BSSS2 by three 
cycles of and two cycles of selection for yield, respectively. 
BSSS2 is [BSSS(R)C4 x BSSS(HT)C6] syn-3 developed from BSSS by two 
methods of selection with primary emphasis on yield (Russell et al., 
1971). 
BS17 is a strain developed by the intercrossing of BSSS(R)C7, 
BSSS(HT)C7, BSSS2(S2)C2, BSSS2(S1)C3, and two-selections from BSSSC3 
(Russell, 1979). Only the first four strains had been previously 
selected for grain yield. 
BSSS(RW)C2 was developed from BSSS by two cycles of selection 
for corn rootworm (Diabrotica virgifera Le Conte) resistance (Rogers 
et al., 1977). BSSS(RW)C2 did not have any previous evaluation for 
grain yield. 
Diallel crosses were produced among the nine strains of BSSS at 
Ames in 1979. Seed of each strain was increased by sib-pollination 
within 150-plant plots, and seed of the strain crosses was produced by 
crossing a minimum of 100 plants of each strain. In both instances, 
seed was obtained on each plant by cross fertilization, and no male 
inflorescence was used to pollinate more than two ear shoots. In 1980, 
at least 100 plants of each of the nine strains and each of the 36 
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crosses were self-pollinated to produce the generation. All 
pollinated ears were harvested and shelled in bulk. The shelled bulks 
were thoroughly mixed before a sample of seed was taken to use in the 
evaluation trials. Seed of 90 entries, therefore, was available from 
the nine BSSS strains for evaluation. Ten check entries were added, 
which included a composite of single crosses developed from BSSS, the 
generation of the composite of single crosses, three hybrids (B73 x 
B79, B73 X B84, and B77 x Mol7), the generation of the three 
hybrids, B73 x Mol7, and a farmers entry. B73, B77, B79, and B84 are 
elite inbreds derived from BSSS(HT)C5, BS11(FR)C0, BS10(FR)C0, and 
BSSS(HT)C7, respectively. 
The 100 entries were evaluated at Kanawha, lA, Ames, lA, and 
Columbia, MO, in 1981, and at Ames, Ankeny, and Martinsburg, lA, in 
1982. Experimental sites at each location were the Iowa State 
University Clarion-Webster Research Center near Kanawha, the Agronomy 
and Agricultural Engineering Research Center near Ames, the Agronomy 
Research Center near Columbia, the Iowa State University Research Farm 
near Ankeny, and the Committee for Agricultural Development Farm near 
Martinsburg. Experimental design was a 10 x 10 lattice with two 
replications in each environment. All trials were machine-planted and 
-harvested with no gleaning of ears from lodged or broken plants. 
Two-row plots 5.3m long with 76 cm between rows were used. Final 
stands ranged from 43,000 to 53,000 plants ha Data were collected 
on all plots for grain yield adjusted to 15.5% moisture content CMg 
ha , grain moisture content (percentage), stand (number of plants per 
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hectare), root lodging (percentage of plants leaning more than 30° from 
vertical), stalk lodging (percentage of plants broken below the primary 
ear), and dropped ears (percentage of ears on the ground at harvest). 
An analysis of variance was computed for each trait by using plot 
means for each environment and combined over environments. Because 
significant differences among entries were detected for stand in the 
trials conducted at Ames in 1981 and at Martinsburg in 1982, individual 
and combined covariance analyses were computed for yield using stand as 
the independent covariable. Entry sum of squares was further 
partitioned by using entry means adjusted for lattice block differences, 
and for stand differences (based on a covariance analysis) in the case 
of yield. For each partition of the entry sum of squares, a 
corresponding partition was made for the entry x environments sum of 
squares. 
Three genetic models were used for partitioning the entry sum of 
squares. Diallel analyses, as proposed by Griffing (1956), were 
computed separately for strains and strain crosses and for the 
generation of the strains and strain crosses. The fixed model (model I) 
was used, and general (g^) and specific (s^^) combining ability effects 
were estimated. The model suggested by Eberhart and Gardner (1966) was 
used for the partition of the variation among populations diallel entries 
(strains per se, the generation of each strain, strain crosses, and 
the generation of each strain cross) into cumulative additive effects 
(a^), cumulative dominance effects (dy), average heterosis (h), strain 
heterosis (hu), specific heterosis (s^^i), and additive x additive 
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(aa_,) epistatic effects. The sum of squares and estimates of these 
parameters were obtained by fitting sequentially more complex models 
(Gardner and Eberhart, 1966). Finally, a genetic model proposed by 
Smith (1979a, 1979b) was used to relate changes in the mean of selected 
strains to changes in allelic frequency, allelic effects, and 
inbreeding. The notation used from the analyses based on the Smith 
model was similar to that of Hammond and Gardner (1974) and Smith 
(1979b). 
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RESULTS AND DISCUSSION 
Because evaluation of genotypes in individual environments may 
involve important deviations due to genotype x environment interactions, 
only the combined analyses of variance and data means across environ­
ments will be discussed. Highly significant (P _< 0.01) differences 
among entries for yield, grain moisture, root lodging, and stalk lodging 
and significant (P ^  0.05) differences for dropped ears were detected 
in the combined analyses of variance (analyses of variance not shown). 
The entry x environment interaction was highly significant for the five 
traits. Partitioning of the sum of squares for entries indicated 
highly significant differences among the BSSS entries (nine BSSS 
strains per se, the S^ generation of each strain, 36 crosses among the 
nine strains, and the S^ generation of each cross) and their interaction 
with environments for all the traits. (Hereafter, the S^ generation, 
or bulk, of S^ lines, will be referred as S^.) There were significant 
differences among checks per se and among their S^s only for grain 
moisture (P < 0.01 and P ^  0.05, respectively). The check per se x 
environment interaction was highly significant for grain yield and root 
lodging, and significant for stalk lodging ; whereas the check x 
environment interaction was highly significant for grain yield and 
dropped ears and significant for stalk lodging. 
Eight of the 10 checks were included to estimate effects of 
inbreeding depression on yield for single-cross hybrids (i.e,, the S^, 
or F^, counterparts). Inbreeding depression was measured as the 
percent decrease in performance of the relative to the F^. 
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(In Tables 1 and 2, a measure of the inbreeding of strains and their 
crosses is indicated by the yield of the relative to the SQ.) TWO 
entries were a bulk of BSSS single crosses and the corresponding S^. 
Yield performance of both entries indicated 31% inbreeding depres­
sion (data not shown). Three single crosses and their S^s also were 
included (see Materials and Methods). Average inbreeding depression 
for yield of these entries was 38%. On the average, single-cross 
hybrids had a 34.5% lower yield (inbreeding depression) after one 
generation of selfing. B73 x Mol7 and a farmers's entry were the only 
-1 -1 
entries that averaged more than 10 Mg ha (.10.06 and 10.25 Mg ha , 
respectively). 
There were significant differences between the stock of BSSS 
maintained at Ames (BSSSCO) and the resynthesized version (BSSSCO') for 
grain moisture, root lodging, stalk lodging, and dropped ears, but there 
was no difference for yield (Table 1). This differential performance of 
both strains suggests that either some changes occurred to BSSSCO 
because of the number of times and procedures (not completely known in 
both instances) used to maintain the strain for the past 50 years or 
the lines used to resynthesize BSSS were not exactly the same ones used 
in 1933-34. Actually, two of the 15 lines used for the resynthesis 
were modified versions of the original lines, and one line (CI17-3-4) 
was never located. BS13(.S)C2 had the highest yield per se (7.83 Mg ha ^) 
and the highest yielding S^ (5.82 Mg ha ^) (Table 1). Relative to 
BSSSCO these values represent a 24 and 57% increase in yield 
respectively. BS13(S)C2 has had the longest history of selection for 
Table 1. Average performance of nine BSSS strains for five traits combined over six experiments 
conducted in 1981-82 
Traits 
Strain 
Grain 
yield 
Grain 
moisture 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Grain yield of 
of strains 
-1 Mg ha y __ Mg ha~^ fo 
BSSSCO 6.33 24.0 3.2 15.1 0.6 3.70 (0.58)* 
BSSSCO' 5.79 22.3 8.5 24.1 0.8 3.05 (0.53) 
BSSS(R)C8 7.27 24.2 4.4 5.8 0.0 4.31 (0,59) 
BS13(S)C2 7.83 23.2 3.1 11.7 0.0 5.82 (0.74) 
BSSS(CB)C3 6.69 23.7 8.1 11.8 0.2 3.58 (0.54) 
BS17 7.55 23.6 2.4 14.7 0.0 4.88 (0.65) 
BSSS2(,S1)C3 7.50 22.2 3.2 13.8 0.1 4.81 (0.64) 
BSSS2(S2)C2 6.90 21.7 3.5 20.6 0.2 4.18 (0.61) 
BSSSCRW>C2 5.13 23.2 1.5 20.6 0.5 3.05 (0.59) 
Average 6.78 23.1 4.2 15.4 0.3 4.15 
iaDo.05 0.72 1.4 4.1 6.1 0.1 0.72 
^Values 
per se (SQ). 
in parentheses are the yields of the generation relative to the yield of the strain 
Table 2. Average performance of 36 diallel crosses among nine BSSS strains for five traits 
combined over six experiments conducted in 1981-82 
Traits 
Grain Grain Root Stalk Dropped Grain yield oJ 
Cross yield moisture lodging lodging ears S^ of crosses 
Mg ha ^ %- Mg ha-1 
BSSSCO X BSSSCO' 6.79 22.7 4.1 22.2 1.7 3.94 (0.58)* 
BSSS(R)C8 7.79 23.4 4.5 10.9 0.5 4.48 (0.58) 
BS13(S)C2 8.20 24,3 3.1 15.9 0.9 5.28 (0.64) 
BSSS(CB)C3 6,78 23,4 4.8 15.8 0.0 3.44 (0.51) 
BS17 7.28 24.0 1.2 13.3 0.7 4.36 (0.60) 
BSSS2(S1)C3 7.08 22.0 3.6 14.7 0.6 4.47 (0.63) 
BSSS2(S2)C2 7.64 22.7 3.3 17,6 0.4 4.15 (0.54) 
BSSS{.RW)C2^ 6.10 23.5 1.6 20.1 1.1 3.46 (0.57) 
7.21 23.3 3.3 16.3 0.7 4.20 (0.58) 
BSSSCO' X BSSS(R)C8 7. 70 22.9 4.4 16.6 1.1 4.67 (0.61) 
BS13(S)C2 7.40 22.8 6.2 23.7 0.3 5.18 (0.70) 
BSSS(CB)C3 6.95 22.6 9.2 18.2 0.0 3.35 (0.48) 
BS17 7.80 21.9 6.6 19.3 0.8 4.03 (0.52) 
BSSS2(S1)C3 8.36 22, 7 5.7 16.7 0.0 4.54 (0.54) 
BSSS2CS2)C2 6.83 21,6 5.4 24.0 0.5 4.38 (0.64) 
BSSS(RW)C2 6.96 22.3 1.8 24.3 0.3 3.52 (0.51) 
xb 7.35 22,4 5.4 20.6 0.6 4.20 (0.57) 
BSSS(R)C8 X BS13(S)C2 9.37 23.6 3.7 10.6 0.2 6.18 (0.66) 
BSSS(CB)C3 7.67 23.6 5.4 7.6 0.4 4.43 (0.58) 
BS17 7.78 23.5 5.0 10.7 0.8 4.68 (0.60) 
BSSS2(S1)C3 8.45 22.3 7.6 11.1 0.0 4.50 (0.53) 
BSSS2(S2)C2 8,00 21.4 1.9 10.1 0.2 5.31 (0.66) 
BSSS(RW)C2, 7.41 23.0 1.7 9.3 0.5 4.27 (0.58) 
r 8.02 23.0 4.3 10.9 0.5 4.82 (0.60) 
BS13(S)C2 X BSSS(CB)C3 
BS17 
BSSS2(S1)C3 
BSSS2(S2)C2 
BSSS(RW)C2, 
BSSS(CB)C3 X BS17 
BSSS2(S1)C3 
BSSS2(S2)C2 
BSSS(RW)C2, 
x") 
BS17 X BSSS2(S1)C3 
BSSS2(S2)C2 
BSSS(RW)C^, 
x" 
BSSS2(S1)C3 X BSSS2(S2)C2 
BSSS(RW)C2, 
X 
BSSS2(S2)C2 X BSSS(RW)C2, 
X*^  
BSSS(RW)C2 
Average 
B73 X Mol7 
^^°0.05 c 
Between c^rosses 
Between Xs 
X^ 
8.11 23.2 6.0 12,3 0.2 5.19 (0.64) 
8.66 22.8 3.7 13.3 0.2 5.14 (0.59) 
8.31 22.7 5.5 14,1 0,0 5.53 (0.67) 
8.38 22.0 2.7 10,7 0.3 5.24 (0.63) 
7.47 22.7 1.4 19.7 0.5 4.51 (0.60) 
8,24 23.0 4.0 15.0 0.3 5.28 (0.64) 
7.71 24.0 6.3 7.5 0.5 4.56 (0.59) 
7.80 22.8 2.8 11.7 0.0 4.70 (0.60) 
7.53 22.5 5.1 15.3 0.6 4.44 (0.59) 
6.28 23.7 2.7 20.2 0.5 3.41 (0.54) 
7.35 23.2 5.3 13.6 0.3 4.19 (0.57) 
7.57 21.6 6.2 10,3 0.0 4.95 (0.65) 
7.84 21.2 3.4 12.0 0.3 4.78 (0.61) 
7.03 23.4 2.0 16.9 0.7 4.17 (0.59) 
7.71 22.8 4.3 12.9 0.5 4.58 (0.59) 
7.64 22.0 3.7 11.6 0.0 4.72 (0.62) 
6.93 23.0 2.2 19.0 0,2 4.72 (0.68) 
7.77 22.4 4.7 13,7 0,1 4.77 (0.61) 
6.80 22.2 2.6 18,1 0,7 3.67 (0.54) 
7.58 22.0 3.5 14.9 0.4 4.59 (0.61) 
6.87 23.0 2.0 18.5 0.6 3.97 (0.58) 
7.57 22.8 4.1 15.2 0.4 4.51 (0.60) 
10.28 22.4 6.0 3.8 0.5 
0.72 1.4 4.1 6.1 0.9 0.72 
0.25 0.5 1.5 2.4 0.3 0.25 
•e the yields of the generation relative to the cross yield (Fl). 
when crossed to the other eight strains. 
'Including B73 x Mol7. 
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yield improvement (nine cycles), and response to selection also was 
reported by Smith (1983). Inbreeding depression for BS13(S)C2 was 
only 26%, compared with 42% and 34.5% for BSSSCO and the check entries, 
respectively. These results suggest recurrent selection was effective 
in increasing the frequency of favorable dominant alleles for grain 
yield. BS17, BSSS2(S1)C3, and BSSS(R)C8 also had average yields over 
7 Mg ha ^ (Table 1), but they showed a greater inbreeding depression 
than BS13(.S)C2 (35, 36 and 41%, respectively). 
Neither BSSS(.CB)C3 nor BSSS (RW) C2 had any previous selection for 
yield improvement. Selection for resistance to Ostrinia nubilalis 
Hubner did not affect yield, but selection for resistance to Diabrotica 
virgifera Le Conte did have a significant negative correlated effect on 
grain yield. Root lodging resistance, however, was 53% better in 
BSSSCRW)C2 than in BSSSCO (Table 1). Russell et al. 01979) also 
reported nonsignificant effect on yield after three cycles of recurrent 
selection for resistance to Ostrinia nubilalis Hubner in five synthetics 
of maize. They concluded that perhaps the levels of resistance 
initially present in the synthetics were adequate to provide the 
control required for the infestation levels existing in the area. 
Another explanation is that the number of cycles of selection (three) 
was inadequate to provide the expected positive association between 
yield and resistance to this pest. Relative average performance for 
yield of BSSS(RW)C2 and BSSSCO in crosses to the other strains (Table 2) 
seemed to exclude inbreeding as the only cause of the yield reduction 
observed in BSSS(RW)C2. Linkage and pleiotropy may have been affecting 
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response to yield. Performance of the improved strains relative to 
BSSSCO showed that the different selection programs were effective 
for increasing the frequency of favorable alleles for specific traits, 
particularly grain yield and root lodging. Lack of a consistent 
response for traits other than the one being selected emphasizes, 
however, the need for simultaneous improvement of several important 
traits (Table 1). 
The effectiveness of recurrent selection for yield improvement 
also was reflected in the strain crosses (Table 2). Average yield of 
the 36 strain crosses ranged from 6.10 Mg ha ^ for BSSSCO x BSSSCRW)C2 
to 9.37 Mg ha ^ for BSSS(R)C8 x BS13(S)C2. The greatest yielding 
cross included the two strains that had the greatest number of cycles 
of selection for yield improvement (eight and nine cycles, respectively). 
Relative to BSSSCO, the yield exhibited by BSSS(R)C8 x BS13(S)C2 
represented a 48% improvement. The S^ of BSSS(R)C8 x BS13(S)C2 
also had the highest average yield C6.18 Mg ha among the S^s. 
Average yield of the eight crosses involving a common strain clearly 
reflects the selection history of each strain; the best yielding strains 
were BS13(S)C2 and BSSS(R)C8, and the poorest yielding strains were 
BSSS(RW)C2, BSSSCO, BSSSCO', and BSSS(CB)C3 (Table 2), Average cross 
performance of the strains was related to the relative yields per se 
of the strains (r = 0.90**), and, with few exceptions, the best crosses 
included the best strains as parents [e.g., BSSS(,R)C8 x BS13CS)C2, 
BS13(S)C2 X BS17, and BSSS(.R)C8 x BSSS2CS1)C3]. There was also a 
close agreement (r = 0.82**) between the yield of the and S^ 
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generations of each strain cross. Inbreeding depression also was less 
severe in crosses involving the most selected strains. Regarding the 
other four traits, average cross performance also was determined by 
the average contribution per se of the strains included in the crosses 
(.Table 2). 
The diallel analyses indicated that a large percentage of the total 
variation for most traits was associated with highly significant general 
combining ability (.GCA) effects Canalyses not shown). The variation 
accounted for by specific combining ability CSCA) effects, although 
significant for yield, was considerably less important for most traits; 
it ranged from 18% for stalk lodging to 54% for dropped ears in the 
analyses of strains and strain crosses per se (SQ generation), and from 
17% for yield to 76% for dropped ears in the analyses of the of the 
strains and their crosses. Relative distribution of the total variation 
for yield attributed to GCA effects changed from 68% to 83% after one 
generation of selfing. There were significant differences among the 
nine strains for their GCA effect estimates (Table 3). Generally, the 
largest positive GCA effects for yield were obtained from the strains 
with the longest history of selection, and the reverse was true for the 
largest negative GCA effects. The GCA estimates suggest that recurrent 
selection caused a significant improvement of the GCA of the advanced 
strains. There was a very close agreement (r = 0.96**) between the GCA 
effects for yield estimated from the SQ and diallel analyses. Good 
agreement also was observed for the remaining traits (Table 3). 
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Table 3. General combining ability effects estimates for five traits 
for nine BSSS strains per se (upper value) and S generation 
of nine BSSS strains (lower value) 
Trait 
Strain 
Grain 
yield 
Grain 
moisture 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Mg ha ^ y. 
BSSSCO -0.342** 
-0.309** 
0.503** 
0.297* 
-0.774 
-0.627 
0.799 
1.271 
0.280** 
-0.123 
BSSSCO' -0.337** 
-0.424** 
-0.397** 
-0.276 
1.754** 
1.918** 
5.572** 
4.752** 
0.207* 
0.168 
BSSS(R)C8 0.420** 
0.251** 
0.330* 
0.261 
0.172 
0.418 
-4.856** 
-3.693** 
-0.029 
0.249** 
BS13(.S)C2 0.679** 
0.864** 
0.185 
0.106 
-0.237 
-0.464 
-0.746 
-0.547 
-0.129 
-0.014 
BSSS(.CB)C3 -0.171 
-0.337** 
0.430** 
0.270 
1.581** 
0.282 
-1.792* 
-2.002** 
-0.129 
0.149 
BS17 0.243** 
0.186* 
0.103 
-0.293 
-0.174 
-0.455 
-1,746* 
-2.038** 
-0.002 
-0,069 
BSSS2(.S1)C3 0.278** 
0.306** 
-0.452** 
-0.630** 
0.235 
-0.236 
-1.373 
-2,711** 
-0.275** 
-0.123 
BSSS2(.S2)C2 0.034 
0.061 
-0.861** 
-0.303 
-0.546 
1.000* 
0.790 
1.598* 
-0.057 
-0.241* 
BSSS15W)C2 -0.804** 
-0.596** 
0.158 
0.470** 
-2.010** 
-1.836* 
3.354** 
3.371** 
0.134 
0.004 
Standard error^ 0.027 
0.021 
0.041 
0.046 
0.134 
0.132 
0.211 
0.211 
0.027 
0.030 
^For all the strains in the corresponding trait. 
*,**Significant at the 0.01 and 0.05 probability levels, 
respectively. 
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Only BSSS(RW)C2 exhibited a consistent pattern of performance 
based on the SCA effects estimated from its corresponding crosses 
(Table 4). Such a pattern suggests that selection for resistance to 
Diabrotica virgifera Le Conte may have a negative effect on SCA for 
grain yield. Contrary to the close correspondance shown by the GCA 
effects estimated from the separate analyses, there was a poorer 
correspondence (r = 0.51**) between estimates of SCA effects. 
Results of the combined analyses of variance based on the genetic 
model proposed by Eberhart and Gardner (1966) are presented in Table 5. 
The greatest contributing source (.80.4% of the total variation among 
population means) in yield was due to the contribution of heterozygous 
loci (dj) or intrapopulation dominance effects. Homozygous loci (ay), 
or additive effects, also made a significant contribution (14.6%) to 
the total variability among population means. Gardner (1965), Castro 
et al. (1968), and Cortez-Mendoza et al. (1984) reported similar 
results. In their reports, d^ effects accounted for 93, 51, and 81%, 
respectively, of the total variation, and 5, 39, and 10%, of the total 
variation, respectively, was attributed to a^ effects. 
Total heterosis, or interpopulation dominance effects (hj^,), 
accounted only for 3.9% of the total variation. Variation due to the 
hjj, effects was statistically significant, indicating that some strain 
crosses deviated from their corresponding midparent values. Of the 
total sum of squares due to h^^, effects, 22, 38, and 40%, respectively, 
were accounted for by: the average heterosis (h) effect of the strain 
crosses relative to the average midparent value; the strain heterosis 
Table 4. Specific combining ability estimates for grain yield from 
diallel analyses of 36 crosses of nine BSSS strains (upper 
value) and 36 strain crosses selfed (lower value) 
Strain BSSSCO BSSSCO' BSSS(R)C8 BS13(S)C2 
BSSSCO 
BSSSCO' 
BSSS(.R)C8 
BS13(.S)C2 
BSSS(CB)C3 
-0.394: 
-0.119 
-Mg ha -1 
0.062 
0.236 
-0.943** 
-0.539* 
0.303 
0.101 
0.209 
0.406 
-0.979** 
-0.629** 
0.454 
0.287 
-0.350 
0.302 
0.862* 
0,627** 
-0.937** 
-0.347 
BS17 
BSSS2(S1)C3 
BSSS2(S2)C2 
BSSSCRW)C2 
^ith standard errors of 0.077 and 0.087 for diagonal and off-
diagonal estimates, respectively. 
^With standard errors of 0.061 and 0.069 for diagonal and off-
diagonal estimates, respectively. 
*,**Significant at the 0.01 and 0.05 probability levels, 
respectively. 
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BSSS(CB)C3 BS17 BSSS2(S1)C3 BSSS2(S2)C2 BSSS(RW)C2 
Mg ha ^ 
-0.116 -0.030 -0.264 0.540 -0.556 
-0.352 0.045 0.036 -0.039 -0.193 
0.050 0.485 1.012** -0.275 -0.249 
-0.327 -0.169 0.221 0.306 -0.436* 
0.012 -0.293 0.343 0.137 -0.594* 
0.078 -0.195 -0.495* 0.561* -0.453* 
0.193 0.328 -0.056 0.258 -0.751* 
0.224 -0.349 -0.079 -0.123 -0.543* 
-0.377 0.228 0.284 0.258 -0.531 
-0.185 0.272 0.292 0.278 -0.281 
-0.347 -0.360 0.153 -0.165 
0.070 0.020 0.095 0.211 
-0.464 -0.080 -0.416 
-0.240 -0.085 0.331 
-0.577 -0.415 
-0.379 -0.613** 
0.367* 
1.976** 
Table 5. Mean squares from combined genetic analyses (Eberhart and Gardner, 1966) for five traits 
for nine BSSS strains, their crosses and selfs compared at six environments during 
1981-82 
Source of variation 
Mean squares 
Degrees of Grain Grain Root Stalk Dropped 
freedom yield moisture lodging lodging ears 
5 2512.929** 6225.16** 952.83** 32278.95** 23.36** 
6 20.326** 27.37** 80.93** 248.66** 1.23 
89 33.445** 7.86** 47.22** 267.47** 1.76** 
8 54.379** 42.41** 289.98** 2326.06** 3.48 
9 265.749** 7.31* 34.02 37.82 2.83** 
36 3.256** 3.91 16.68 77.01 1.23 
1 25.872** 0,25 1.13 10.53 0.63 
8 5.555** 5.06 27.99 101.93 1.50 
27 1.737 3.71 13.91 72.09 1.17 
1 4.356* 3.28 0.92 32.15 1.03 
35 0.807 4.30 27.86 58.61 1.66 
445 1.162** 3.60** 31.78** 81.20** 1.13** 
40 2.916** 5.26** 65.70** 301.43** 1.68** 
45 0.356 3.73 31.03 70.68 0.94 
180 1.399** 3.12 27.51 55.83 0.83 
5 1.820* 3.95 26.99 15.77 0.91 
40 0.873 2.62 27.04 56.22 0.64 
135 1.539** 3.24 28.16 57.20 0.89 
5 0.962 1.17 9.52 126.46 1.00 
175 0,731 3.75* 29.24 58.37 1.37** 
498 0. 808 3.04 26. 89 58.64 1.05 
0,99 0.79 0.77 0.91 0.63 
14.72 7.58 127.86 52.03 218.32 
Environments (E) 
Replications/E 
Populations 
Homozygous (au)^ 
Heterozygous (d.) 
Heterosis (bujij _ 
Average heterosis (h) 
Strain heterosis (hj) 
Specific heterosis (s 
Epistasis (aajji) 
Deviations 
JJ 
, )  
Populations x E 
Homozygous x E 
Heterozygous x E 
Heterosis x E 
Average heterosis x E 
Strain heterosis x E 
Specific heterosis x E 
Epistasis x E 
Deviations x E 
Pooled effective error 
CV 
^'^Cumulative contribution to means of strains of homozygous and heterozygous loci, respectively. 
**Signlfleant at the 0.01 and 0,05 probability levels, respectively. 
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(hj) effects, which are the contributions of individual strains to the 
heterosis; and the specific heterosis (sy^,) effects, which are the 
deviations of certain crosses from their expected performance on the 
basis of the h effect and their corresponding h^ effects. The 
variation due to the s^^, effects, however, was not significant (Table 
5). In other studies involving populations of maize from different 
geographic and genetic origins, Gardner (1965), Gardner and Eberhart 
(1966), Gardner and Paterniani (1967), Castro et al. (1968), and 
Cortez-Mendoza et al. (1984) have reported, respectively, 1.7, 50, 17, 
6.4, and 5.4% of the total variation accounted by hUj, effects. In 
most of those studies, h and h^ effects were the most important contri­
buting factors to the variation attributed to the total heterosis 
effects (hjj,). Genter and Eberhart (1974) also compared yield 
performance of original and advanced populations and concluded that h 
and hj effects were more important than s^^, effects. Comparison of 
results from other reported studies and those for BSSS (Table 5) 
suggests considerable genetic divergence for yield among the BSSS 
strains. Changes in gene frequency and level of dominance due to 
selection under different environmental conditions, use of different 
selection methods, and the effects of drift and sampling were probably 
the main reasons for the genetic divergence among strains of BSSS. 
Unless cancelling types of epistasis occurred, our results (Table 
5) revealed a very small (0.14%) contribution of additive x additive 
(aaUj,) epistatic effects to the total variation in yield among 
generation means. Because of the precision of the analyses, the 
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estimates of the epistatic effects were statistically significant. 
Relative to the a^, and effects, the aa^j, effects were 
considerably less important in the expression of yield. Most studies 
involving open-pollinated varieties of maize, their crosses, and 
related populations have indicated that epistatic effects are relatively 
unimportant in the expression of yield (e.g., Pollak et al., 1957; 
Robinson and Cockerham, 1961; Gardner, 1965; Castro et al., 1968; 
Cortez-Mendoza et al., 1984). 
Grain moisture (49%), root lodging (55%), and stalk lodging (78%), 
Sj effects accounted for a large percentage of the total variation. 
Th e  r e l a t i v e  p e r c e n t a g e s  o f  t h e  t o t a l  v a r i a t i o n  a t t r i b u t e d  t o  h _ ,  
effects for grain moisture (20%), root (14%) and stalk (11%) lodging, 
and dropped ears (28%) were larger than the relative percentage 
presented for yield (3.9%), but their corresponding mean squares were 
not significant (Table 5). In contrast to yield, s^^, effects accounted 
for the largest proportion of the variation attributed to the total 
heterosis effects (h_,). Judging by the relative proportions of the 
total variation among populations accounted by aa^^, effects and the 
deviations from the model, it seems that additive x dominance and 
dominance x dominance types of epistatic effects and (or) linkage were 
relatively large in the expression of grain moisture, root lodging, 
stalk lodging, and dropped ears. 
The largest significant positive estimate of a^ effects for yield 
was exhibited by BS13(S)C2 (Table 6). This suggests that BS13(S)C2 had 
greater frequency of homozygous loci for the favorable alleles than the 
Table 6. Cumulative gene effects and average heterosis estimates for 
five traits for nine BSSS strains 
Grain yield 
Strain 
BSSSCO 
BSSSCO' 
BSSSCR)C8 
BS13CS)C2 
BSSS(.CB)C3 
BS17 
BSSS2CS1)C3 
BSSS2(S2)C2 
BSSSCRW)C2 
h. 
J 
-0.652** 
-0.763** 
0.671** 
1.544** 
-0.507** 
0.430** 
0.584** 
0.094 
-1.400** 
-1 
-Mg ha 
5.809** 
6,289** 
6.620** 
5.201** 
6.605** 
6.172** 
5,827** 
5,834** 
5.107** 
-0.124 
0.353* 
0.405** 
0.290 
-0.113 
-0.213 
-0.042 
-0.279* 
-0.278* 
Standard error 0.036 0.149 0.047 
^aj and dj represent the cumulative contribution to strain means 
of homozygous and heterozygous loci, respectively. 
^Strain heterosis estimate. 
^Tor the corresponding parameter estimate in all the strains. 
*,**Significant at the 0.01 and 0.05 probability levels, 
respectively. 
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Grain moisture Root lodging 
-%-
0.900** 
-0.673** 
0.591** 
0.291 
0.700** 
-0.191 
-1.082** 
-1.164** 
0.627** 
-0.149 
-1.058 
-0,295 
-0.258 
0.069 
1.015 
0.142, 
-2.804** 
-1.822* 
0.180 
-0.180 
-0.563* 
0.194 
0.103 
-0.191 
0.000 
-0.011 
0.466* 
-1.401* 
3.672** 
0.590 
-0.701 
1.863** 
-0.628 
-0.001 
0.454 
-3.846** 
-0.844 
-0.916 
-1.244 
0.647 
4.938 
0.865 
1.629 
-6.444* 
-0.953 
-0.330 
-1.084 
-0.118 
0.259 
-1.230 
1.256 
1.122 
0.303 
-0.177 
0.064 0.263 0.083 0.189 0.781 0.245 
Table 6. (Continued) 
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StaIk lodging Dropped ears 
Strain 
BSSSCO 
BSSSCO' 
BSSS(R)C8 
BS13CS)C2 
BSSSCCB)C3 
BS17 
BSSS2(S1)C3 
BSSS2(S2)C2 
BSSS(RW)C2 
2.070* -2.429 1.310 
10.324** 2.735 1.830 
-8.548** -5.193 -0.181 
-1.294 -1.338 0.802 
-3.794** 0.298 -1.238 
-3.785** 0.625 -2.178 
0.157 1.385 0.211 
0.375** -0.069 0.114 
0.220 -1.342 0.151 
-0.143 -0.687 0.079 
0.020 -1.342 -0.383* 
-0.071 0.040 0.174 
-4.085** 4.807 0.036 -0.398** -0.833 -0.172 
2.388* -3.775 -2.312* -0.298* 0.513 -0.174 
6.724** -0.611 1.931 0.138 0.295 0.001 
Standard error 0.302 1.248 0.392 0.039 0.161 0.051 
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average of the nine strains. BSSS(RW)C2, BSSSCO, BSSSCO', and 
BSSS(CB)C3 were unselected for yield and had the largest significant 
negative estimate of a^ effects. Thus, the estimates of a^ effects for 
yield tended to reflect the selection history of each strain. 
The nine strains had large significant positive estimates of d^ 
effects for yield (Table 6), which suggests that intrapopulation 
dominance effects were very important in BSSS. Hallauer et al. (1983) 
summarized the results of quantitative genetic studies conducted with 
BSSS, and concluded that the ratio of dominance variance to additive 
variance was of greater importance in BSSS than for other maize 
populations. 
The estimates of d^ effects for yield did not reveal a consistent 
relationship between the selection history of the different strains 
and the relative contribution of intrapopulation dominance effects 
(Table 6). One contrasting comparison, however, was the relative 
performance exhibited by the two most selected strains [BS13(S)C2 and 
BSSS(R)C8]. A comparison of the estimates of a^ and d^ effects for 
both strains suggests that selection procedures applied to BS13(S)C2 
(half-sib and S2 recurrent selection) were more effective for increasing 
the frequency of favorable alleles in homozygous condition, but less 
effective for exploiting intrapopulation dominance effects. The reverse 
can be inferred for the selection procedures used to improve BSSS(R)C8 
(reciprocal recurrent selection), 
Only BSSS(R)C8, BSSSCO', BSSS2(S2)C2 and BSSS(RW)C2 had estimates 
of h. effects for yield statistically different from zero (Table 6). 
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This suggests that these strains were genetically more diverse for 
grain yield than the others. Table 6 also includes estimates of a^, d^ 
and hj effects for grain moisture, root and stalk lodging, and dropped 
ears. Even though the mean squares corresponding to those parameters 
were not significant in all the instances, we are reporting their 
parameter estimates to provide a more complete indication of 
similarities and differences among the nine BSSS strains. 
All the estimates of aa^j, epistatic effects for the strain crosses 
were positive for yield, but only five were statistically different 
from zero (Table 7). Favorable additive x additive epistatic combina­
tions had a positive effect on yield performance of six strain crosses 
[BSSSCO' X BSSS(R)C8, BSSSCO' x BS13(S)C2, BSSSCO' x BSSS2(S2)C2, 
BSSS(R)C8 X BSSS2(S2)C2, BS17 x BSSS2(S2)C2, BSSS2(S1)C3 x BSSS(RW)C2]. 
Because heterosis of crosses is expected to be proportional to the 
genetic diversity of the parents involved (Eberhart and Gardner, 1966), 
the heterosis estimates seemed to corroborate that considerable genetic 
divergence for yield existed among the BSSS strains (Table 7). The 
heterotic responses of BSSSCO and BSSSCO' in crosses with each other 
and in crosses to the other seven strains provided additional evidence 
of their relative differences. BSSSCO' tended to produce higher 
heterotic responses when crossed to the other strains. Thus, BSSSCO' 
seemed to be less related to the other strains than BSSSCO. The 
magnitude of the heterosis estimates, of the crosses involving BSSSCO 
suggested a positive relationship between genetic divergence and 
length of the selection history of the strains. In general, the more 
Table 7. Epistasis and heterosis estimates for grain yield, and predicted yield means of 36 
crosses among nine BSSS strains 
Genetic parameter Predicted means -generation 
Strain cross 
-Mg ha 1 %-— — — — Mg ha-1-
BSSSCO X BSSSCO' 1. 970 ± 0.330 0.846** 12. 05 ± 6. 63 6. 88 ± 0.76 3. 76 ± 0. 64 
BSSS(R)C8 1. 530 + 0.330 1.018** 14. 56* ± 5. 91 7. 78 ± 0.76 4. 50 ± 0. 70 
BS13(S)C2 1. 490 ± 0.330 1.140** 15. 82** ± 5. 67 8. 23 ± 0.75 5. 22 + 0. 69 
BSSS(CB)C3 0. 900 ± 0.330 0.172 4. 15 ± 6. 17 6. 67 ± 0.76 3. 66 ± 0. 70 
BS17 1. 370 + 0.330 0.336 4. 90 ± 5. 79 7. 31 ± 0.75 4. 30 ± 0. 70 
BSSS2(S1)C3 1. 835 + 0.330 0.254 2. 31 ± 5. 80 7. 15 ± 0.75 4. 32 ± 0. 69 
BSSS2(S2)C2 0. 965 ± 0.318 0.840** 15. 41** ± 6. 07 7. 52 ± 0.75 4. 38 ± 0. 69 
BSSS(RW)C2 1. 370 ± 0.318 0.267 6. 46 ± 7. 01 6. 11 + 0.75 3. 44 + 0. 69 
BSSSCO' X BSSS(R)C8 2. 380* ± 0.330 1.368** 17. 92** ± 6. 15 7. 83 ± 0.76 4. 41 ± 0. 68 
BS13(S)C2 2. 470* ± 0.330 0.806* 8. 66 ± 5. 90 7. 60 + 0.76 4. 78 ± 0. 68 
BSSS(CB)C3 0. 930 ± 0.330 0.618 11. 38 ± 6. 44 6. 82 ± 0.76 3. 62 ± 0. 64 
BS17 0. 570 ± 0.330 0.966** 16. 94** + 6. 02 7. 64 + 0.75 4. 35 ± 0. 65 
BSSS2(S1)C3 1. 075 ± 0.330 1.652** 25. 71** ± 6. 04 8. 25 ± 0.75 4. 75 ± 0. 65 
BSSS2(S2)C2 2. 615* + 0.318 0.631 7. 56 ± 6. 32 7. 01 ± 0.75 4. 01 + 0. 64 
BSSS(RW)C2 1. 010 ± 0.318 1.325** 27. 47** ± 7. 35 6. 87 + 0.76 3. 70 ± 0. 65 
BSSSCR)C8 X BS13(S)C2 1. 980 ± 0.330 1.938** 24. 11** ± 5. 32 9. 46 + 0.76 6. 01 + 0. 64 
BSSS(CB)C3 1, 850 ± 0.330 0.782* 9. 89 ± 5. 75 7. 71 + 0.76 4. 36 ± 0. 64 
BS17 1. 370 ± 0.330 0.366 4, 99 + 5. 42 7. 77 ± 0.76 4. 70 ± 0. 64 
BSSS2 (.8.1 )C3 0. 385 0.330 0.864** 14. 34** + 5. 43 8. 19 + 0.75 5. 02 ± 0. 64 
BSSS2(S2)C2 2. 785* + 0.318 1.095** 12. 83* ± 5. 66 8, 20 + 0.75 4. 90 + 0. 64 
BSSS(,RW)C2 1. 540 ± 0.318 1.141** 19. 52** + 6. 48 7. 41 + 0.75 4. 27 ± 0. 65 
BS13(S)C2 X BSSS(CB)C3 1. 700 ± 0. 330 0. 912** 11. 71* ± 5. 53 8.16 ± 0. 75 5.07 + 0. 64 
BS17 0. 180 ± 0. 330 0. 728* 12. 61* ± 5. 22 8.46 + 0. 75 5.54 ± 0. 64 
BSSS2(S1)C3 1. 355 ± 0. 330 0. 638 8. 34 + 5. 24 8.30 + 0. 75 5.56 + 0. 64 
BSSS2(S2)C2 1. 035 ± 0. 318 0. 845** ' 13. 70** ± 5. 45 8.29 + 0. 76 5.43 ± 0. 63 
BSSS(RW)C2 0. 730 + 0. 318 b. 759* ' 15. 28** ± 6. 20 7.36 ± 0. 75 4.73 ± 0. 64 
BSSS(CB)C3 X BS17 1. 640 ± 0. 330 0. 640 8. 29 + 5. 64 7.78 ± 0. 75 4.42 ± 0. 64 
BSSS2(S1)C3 1. 875 ± 0. 330 0. 802* 9. 86 ± 5. 66 7.87 ± 0. 76 4.57 ± 0. 64 
BSSS2(S2)C2 1. 955 ± 0. 318 0. 749* 10. 74 + 5. 91 7.60 + 0. 76 4.31 ± 0. 65 
BSSS(RW)C2 1. 390 + 0. 318 0. 271 6. 26 ± 6. 79 6.28 + 0. 75 3.41 ± 0. 64 
BS17 X BSSS2(S1)C3 1. 735 + 0. 330 0. 114 0. 53 ± 5. 33 7.66 ± 0. 78 4.78 ± 0. 65 
BSSS2(S2)C2 1. 455* + 0. 318 0. 529 8. 44 + 5. 55 7.85 ± 0. 75 4.75 ± 0. 64 
BSSS(RW)C2 1. 290 ± 0. 318 0. 571 10. 88 + 6. 33 7.06 + 0. 76 4.12 ± 0. 65 
BSSS2(S1)C3 X BSSS2(S2)C2 1. 580 ± 0. 318 0. 379 6, 11 + 5. 58 7.63 ± 0. 76 4.78 + 0. 64 
BSSS(RW)C2 2, 535 ± 0. 318 0. 745* 9. 65 + 6. 35 7.16 ± 0. 76 4.27 ± 0. 65 
BSSS2(S2)C2 X BSSS(RW)C2 0. 895 ± 0. 246 0, 090 12. 96* ± 6. 67 6.28 ± 0. 64 3.71 + 0. 61 
^aa^.t = cumulative additive x additive epistatic effects. ^ji' total heterosis effects 
estimates from the genetic model, with a standard error of 0.010. h = mid-parent heterosis values 
considering only the strains and strain crosses per se. 
'^Confidence limits at the 0.05 probability levels are Indicated. 
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selected the strains, the less related to BSSSCO, This suggests, as 
expected, that the difference in gene frequency between the parental 
strains is proportional to the heterosis exhibited by the strain 
crosses. The high heterosis estimates of crosses involving highly 
selected strains [e.g., BSSS(R)C8 x BS13(S)C2] and crosses of the 
highly selected strains to the other strains suggests that the different 
selection programs applied to BSSS had a differential effect on gene 
frequency and level of dominance of the improved strains. 
The hjj, effects were estimated from the Eberhart and Gardner 
(1966) analyses which included all the generations. The h effects were 
estimated only from the strains and strain crosses per se [(F^^-MP) x 
100 X MP ^]. Both estimates were closely related (r = 0.88**), which 
suggest-s that, on the average, aa^j , epistatic effects did not have a 
significant role on yield heterosis. The minor importance of epistasis 
in the expression of heterosis for yield is further confirmed by the 
low correlation (r = 0.14) between the estimates of h_i and aa^^, 
effects. All midparent heterosis estimates (h) were positive and 
ranged from 0.5 to 27.5% (Table 7). Average heterosis of all the 
crosses was 11.7%. Pollak et al. (1957), Gardner (1965), Hallauer and 
Eberhart (1966), Castro et al. (1968), Hallauer and Sears (1968), 
Eberhart (1971), and Cortez-Mendoza et al. (1984) reported similar 
estimates of heterosis in crosses among less related maize populations. 
Crosses between high x high and high x low yielding strains per se 
showed greater estimates of heterosis (hy^,) effects than crosses 
between low yielding strains, which also indicates that dominance gene 
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effects were important in BSSS for yield. On the basis of yield 
performance per se and magnitude of the heterosis estimates, the best 
crosses were BSSS(R)C8 x BS13(S)C2, BS13(S)C2 x BS17, BSSS(R)C8 x 
BSSS2(S1)C3, and BSSSCO' x BSSS2(S1)C3. These crosses outyielded 
their high parents by 19.7, 10.6, 12.7 and 11.5%, respectively. 
Changes in allelic frequencies, types of allelic effects, and the 
inbreeding effects in the BSSS strains are shown in Tables 8 and 9. 
Important differences between BSSSCO and BSSSCO* were detected for 
most traits, as indicated by the relative magnitude of the standard 
errors attached to the estimates of homozygous or additive (AQ) and 
heterozgous or dominance (DQ) effects contributing to the mean of the 
strains (Table 8). For yield, differences in contribution of AQ effects 
were mare evident. BSSS2(S1)C3, BS17, and BSSS2(S2)C2 had greater 
estimates of AQ effects for yield than BSSSCO. The differences between 
the estimates of DQ effects were less evident, although significant in 
some instances. Because BSSS2(S1)C3, BS17, and BSSS2(S2)C2 were 
developed by intermating BSSS strains improved by recurrent selection 
(see Materials and Methods), the relative magnitude of the estimates of 
AQ and DQ effects suggest that selection was more effective for 
increasing the frequency of favorable alleles affecting yield at non-
segregating loci than for increasing the frequency of alleles with 
large dominance effects. In contrast with yield, the contributions of 
additive effects were more important than contributions of dominance 
effects for grain moisture, root lodging and stalk lodging. 
Changes in frequency of alleles with additive (A^) effects due to 
selection for yield improvement were more important for BS13(S)C2 than 
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Table 8. Parameter estimates from the model.used to evaluate 
differences in genetic effects and inbreeding depression for 
five traits in five BSSS strains 
Strain 
parameter' 
Grain 
yield 
Trait 
Grain 
moisture 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Mg ha 
-1 
BSSSCO 
0.915* 
2.867** 
24.002** 
-0.056 
3.407 
-0.387 
19.218*" 
-1.235 
-0.424 
0.687** 
BSSSCO' 
!o 
0.444 
3.107** 
23,111** 
-0.511 
8.535** 
-0.424 
23.600** 
1.347 
0.885* 
-0.040 
BSSS2(S2)C2 
BSSS2(S1)C3 
1.642** 
2.879** 
2.137** 
2.876** 
23.929** 
-1.384** 
21.802** 
0.089 
9.462** 
-3.187* 
2.953 
0.849 
20.545** 
-1.908 
7.636* 
2.383 
-0.224 
0.251 
0.685 
-0.422 
BS17 
1.724** 
3.049** 
22.038** 
0.524 
2.898 
0.467 
11.073** 
0.292 
0.358 
0.015 
Standard error 
!o 0.118 
0.075 
0.208  
0.132 
0.617 
0.391 
0.987 
0.624 
0.128  
0 .081  
Aq and Dq represent additive and dominance allelic effects, 
respectively. Dq is also an estimate of the amount of inbreeding 
depression. See Smith (1979). 
^For the corresponding parameters in all the strains. 
*,**Significant at the 0.01 and 0.05 probability levels 
respectively. ' 
Table 9. Parameter estimates from the model used to examine changes in 
allelic frequencies, genetic drift, and realized gains for 
five traits in four improved BSSS strains 
Trait 
Population 
parameter^ 
Cycles of^ 
selection 
Grain 
yield 
Grain 
moisture 
BS13(S)C2 
No. 
9 
Mg ha ^ 
0.147** ± 0.010 
-0.008 ± 0.012 
-0.008** ± 0.001 
0.279** ± 0.009 
% 
-0.029 ± 0.017 
-0.005 ± 0.022 
-0.000 Î 0.001 
-0.069 ± 0.017 
BSSSCR)C8 
h 0.045 ± 0.011 
0.085 ± 0.014 
-0.012** ± 0.001 
0.259** ± 0.011 
-0.013 ± 0.019 
-0.043 ± 0.024 
0.011* ± 0.001 
-0.110 ± 0.019 
BSSSCCB)C3 
-0.075 + 0.029 
0.161 ± 0.037 
-0 .026 ± 0 .006 
0.172 ± 0.028 
-0.061 ± 0.050 
0.028 ± 0.064 
0.008 ± 0.010 
-0.065 ± 0.050 
BSSSCRW)C2 
h -0.055 ± 0.043 
-0.098 ± 0.055 
-0.106* ± 0.012 
-0.308* ± 0.042 
0.245 ± 0.075 
-0.459 ± 0.097 
0.056 ± 0.022 
-0.427 ± 0.075 
,2c 0.998 0.999 
and represent changes in allelic frequency of alleles with 
additive and dominance effects, respectively. Dq is a measure of drift 
due to restricted population size, and represents the realized gain 
in actual units per cycle. 
^For grain yield for BS13(S)C2 and BSSS(R)C8, and for Ist-genera-
tion European corn borer and rootworm resistance for BSSS(CB)C3 and 
BSSS(RW)C2, respectively. 
^Tor the full-genetic model, which includes the parameters listed 
in Table 8. 
*,**Signifleant at the 0.01 and 0.05 probability levels, 
respectively. 
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for BSSSCR)C8 (Table 9).. The opposite was observed in terms of changes 
in frequency of alleles with dominance (D^) effects. Since yield 
improvement in BS13(S)C2 and BSSS(R)C8 was realized by recurrent 
selection (seven cycles of half-sib and two of selection) and 
reciprocal recurrent selection, respectively, this trend of change in 
allele frequency was expected. These results agree with those obtained 
from the Eberhart and Gardner (1966) model. 
Significant increases in yield were observed for BS13CS)C2 and 
BSSS(R)C8 as populations per se, relative to BSSSCO (Table 1). The 
observed rates of gain per cycle were 0.167 Mg ha ^ (2.6%) for 
BS13(S)C2 and 0.118 Mg ha ^ (1.9%) for BSSS(R)C8. The observed rates 
of gain per cycle of their generations were 0.236 Mg ha ^ (6.4%) for 
BS13(.S).C2 and 0.076 Mg ha"^ (2.1%) for BSSS(R)C8. Based on the actual 
genetic gains, recurrent selection (RS) seemed to be more effective 
than reciprocal recurrent selection (ilRS) in improving the mean per­
formance of the strains per se and their S^s. However, as indicated 
by Smith (1979a), inbreeding depression may be an important factor in 
comparing different recurrent selection schemes. 
Realized gains (A^), free from the effects of inbreeding due to 
restricted population size, are presented in Table 9. By removing the 
confounding effects of drift (D^) on the response to selection for 
yield, the rates of gain per cycle of selection were 0.279 Mg ha 
(4.4%) for BS13(S)C2 and 0,259 Mg ha~^ (4.1%) for BSSS(R)C8. Realized 
gains, adjusted for drift, suggested that both selection systems (RS 
and RRS) had a similar effect on improving the BS13CS) and BSSS(R) 
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strains. Realized gains estimates were computed using data from all 
the BSSS entries, including populations per se and their S^s. 
Smith (1983) also found a smaller effect of drift in BS13 than 
in BSSSCR), and indicated that such a response was unexpected because 
effective population size = 10) was the same in both selection 
programs. On the basis of the effective population sizes used, we 
would expect a rate of inbreeding depression [1/(2N-1)] of 5.3% per 
cycle, and the observed rates of inbreeding depression for yield per 
cycle were 5.1% for BSSS(R) and 4% for BS13(S). The magnitude of the 
D estimates for BS13(S)C2 (-0.008 ± 0.001 Mg ha~^) and BSSS(R)C8 
9 
-1 -1 (-0.012 ± 0.001 Mg ha ) represented a yield reduction of 1.296 Mg ha 
(nine cycles) and 1.536 Mg ha ^ (eight cycles), respectively. 
Larger effective population sizes will be required in future 
cycles to avoid cumulative effects of inbreeding resulting from genetic 
drift, and, consequently, to permit long-term response to selection. 
Another alternative to reduce the effects of drift is by intercrossing 
improved strains and selecting in advanced generations. Smith (1983) 
mentioned some of the advantages of following the latter approach. A 
selected set of predicted three- and four-way crosses among the BSSS 
strains is listed in Table 10. Gene effects estimates from the analyses 
based on the Eberhart and Gardner (1966) model were used to compute the 
predicted values. Advanced generations of those crosses could be used 
as basic genetic material for continued recurrent selection programs. 
According to the notation used in Table 10, we suggest the following 
c r o s s e s :  3 x 8 x 4 ,  3 x 4 ,  3 x 4 x 8 x 7 ,  3 x 4 x 5 x 8 ,  o r  
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Table 10. Three- and four-way predicted crosses from the full genetic 
model (Eberhart and Gardner, 1966) used to study heterosis 
and cumulative gene effects for five traits in nine BSSS 
strains, their crosses, and selfs 
Traits 
^ Grain yield ^ Grain Root Stalk Dropped 
Cross Predicted Observed moisture lodging lodging ears 
•Mg ha"^ % 
3 X 8 X 4 9.57 7.33 22.3 4.9 9.0 0.4 
3 X 4 X 8 X 7 9.50 7.38 22.2 5.0 8.5 0.6 
2 X 3 X 4 X 8 9.38 7.10 21.3 5.4 11.2 1.5 
3 X 6 X 4 9.36 7.55 23.1 3.8 11.6 0.0 
3 X 4 X 5 X 8 9.36 7.17 22.5 4.2 6.4 0.6 
1 X 3 X 4 X 8 9.36 7.08 22.1 6,0 6.9 0.9 
2 X 3 X 4 X 6 9.34 7.11 21.9 4.9 12.0 1.2 
2 X 3 X 4 X 7 9.33 7.10 22.6 3.6 12.5 1.0 
2 X 4 X 6 X 7 9.33 7.17 21.9 4.8 13.9 1.3 
4 X 7 X 3 9.25 7.53 23.1 4.5 10.1 0.4 
3 X 4 X 6 X 7 9.23 7.54 21.9 4.9 11.5 0.7 
3 X 4 X 5 X 7 9.23 7.32 22.5 4.5 8.8 0.0 
3 X 4": 9.37 23.6 3.7 10.6 0.2 
^1 = BSSSCO, 2 = BSSSCO', 3 = BSSS(R)C8, 4 = BS13(S)C2, 
5 = BSSS(CB)C3, 6 = BS17, 7 = BSSS2(S1)C3, 8 = BSSS2(S2)C2. 
^Average of the strains participating at each cross. 
^Best strain cross on the basis of grain yield. 
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1 x 3 x 4 x 8 .  F o r  t h e  t h r e e - w a y  c r o s s e s ,  t h e  l a s t  s t r a i n  a p p e a r i n g  i n  
the pedigree contributes 50% of the germplasm forming the cross. 
The and AQ estimates exhibited by BSSS(CB)C3 and BSSS(RW)C2 
corroborate previous discussion in relation to the correlated responses 
for yield CTable 9). Both estimates were not statistically different 
from zero for BSSS(.CB)C3, which suggests that drift was not significant 
in the low correlated responses for yield observed in the improved 
strain. Nevertheless, the relative magnitude of the D and A„ estimates q (j 
and their standard errors (-0.026 ± 0.006 and 0.172 ± 0.028 Mg ha 
suggest that the number of cycles was a limiting factor for the detection 
of a significant correlated response between yield improvement and 
resistance to Ostrinia nubilalis Hlibner. It can be concluded that drift 
was important for yield in BSSS(CB)C3 and that, after three cycles of 
selection, a small increase in yield was obtained when selecting only 
for resistance to this pest. The magnitude and significance of the 
and Ag estimates for yield in BSSS(RW)C3 (-0.106* ± 0.012 and -0.308* ± 
0.042 Mg ha respectively), indicated that the negative correlated 
response observed in yield, when selection was directed to resistance 
to Diabrotica virgifera Le Conte, was due to the effects of drift and 
the apparent negative association between resistance to Diabrotica 
virgifera Le Conte and yield. 
The significant positive realized gains (A^) in root and stalk 
lodging resistance by BSSS(RW)C3 and BSSS(CB)C2, respectively, were 
encouraging and also discouraging. Those results suggested a negative 
association between both kinds of resistance. The relative magnitude 
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of the Ag estimates for BS13(S)C2 and BSSS(R)C8 also suggest a negative 
association between lodging resistance and yield. 
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CONCLUSIONS 
Genetic analyses revealed important selection-induced differences 
among the BSSS strains and their crosses. Yield differences among the 
strains and the level of heterosis exhibited by their crosses indicated 
selection-induced genetic diversity. Generally, the strains that had 
the greatest number of cycles of selection performed better and were 
more genetically divergent. Recurrent selection was effective in 
improving GCA for yield in the selected strains. Estimates of Inbreeding 
depression effects were considerably lower for highly selected strains, 
as well as for crosses involving those selected strains. 
Magnitude of estimates of additive effects for yield tended to 
reflect the selection history of each strain. Estimates of dominance 
effects indicated that intrapopulation dominance effects were important 
in BSSS. Regarding drift estimates, our results Indicated a reduction 
in yield improvement during the selection process due to the cumulative 
effects of using restricted population sizes (10 lines were recombined 
in most selection programs). 
Three cycles of selection for resistance to first-generation 
European corn borer (Ostrinia nubilalis Hiibner) in BSSS(CB) did not show 
a significant correlated response for yield. A negative correlated 
response on yield improvement, however, was observed after two cycles of 
selection for resistance to corn rootworm (Diabrotica virgifera Le 
Conte). Drift effects contributed to this type of response. 
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SECTION II. STABILITY ANALYSIS 
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ABSTRACT 
There is always some attempt to diversify environments during the 
selection process. This probably affects the ability of the selected 
material to respond to environmental variations. Our objectives were 
to investigate the effect of selection-induced differences on genotype-
environment interactions and to compare statistical procedures available 
for characterizing the patterns of response of genotypes grown under 
different environments. Nine 'Iowa Stiff Stalk Synthetic' CBSSS) strains 
of maize (Zea mays L.) and diallel crosses among the strains (including 
the S^ generation of each strain and each strain cross) were evaluated 
at six environments in 1981-82. 
Thirteen, stability parameters for yield were computed for each 
entry in each of the two generations. Correlations between the 
stability parameters were highly variable, and some differences existed 
when coefficients calculated in each of the two generations were 
compared. The range of residuals, the variance of residuals, Euclidean 
distances, "ecovalance" values and the "stability variance" were highly 
correlated (r > 0.92). The coefficient of regression and the range and 
variance across environments also showed highly significant positive 
associations with each other. Correlations also indicated that 
inbreeding depression may have a significant effect on the relationship 
between yielding capacity and ability to respond to environmental 
changes. 
Recurrent selection for yield improvement in BSSS was effective in 
increasing the frequency of favorable alleles for greater yield in all 
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types of environments, particularly in less favorable ones. Selection 
for pest resistance in BSSS(CB) and BSSS(RW) caused important changes 
in both yielding capacity and ability to respond to environmental 
changes. 
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INTRODUCTION 
An understanding of the nature and consequences of genotype-
environment interactions in recurrent selection programs for maize (Zea 
mays L.) improvement is of fundamental importance for the potential use 
of the selection methods for developing improved sources of germplasm. 
Characteristics of breeding methods and the cost of conducting yield 
trials usually restrict the sample of the population of environments 
for which breeding is undertaken. On the other hand, the end-products 
of selection are commonly expected to be successful throughout the 
target population of environments. Thus, information on changes in 
genotype-environment interactions in genetic material produced by means 
of selection can be of substantial importance to the breeder for the 
formulation of breeding objectives and for the design of selection 
experiments. 
Although yield responses to recurrent selection are probably 
accompanied by changes in genetic-environmental interactions, direct 
experimental evidence is lacking (Moll et al., 1978). Characterization 
of responses to environmental variations in populations before and 
after selection may provide valuable insight into the effects of 
selection on genetic-environmental interactions (Moll et al., 1978). 
Statistical procedures are available for characterizing the 
response of genotypes grown under different environments. Although 
genetic and environmental effects generally are not independent (Moll 
and Stuber, 1974), some studies revealed a linear, or nearly linear, 
relationship between the performance of different genotypes across 
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environments and an environmental index (Yates and Cochran, 1938; 
Finlay and Wilkinson, 1963; Rowe and Andrew, 1964; Eberhart and Russell, 
1966). Because of this linear relationship, linear regression was 
suggested to measure phenotypic stability. Average yield across 
environments, regression coefficient, deviations from regression, and 
the coefficient of determination computed from the regression analysis 
have been used to measure stability (Eberhart and Russell, 1966; 
Pinthus, 1973). Other parameters used to measure stability of perform­
ance are "ecovalence" values (Wricke, 1962), "stability variance" 
(Shukla, 1972), and the range (Langer et al., 1979) and variance 
(Francis and Kannenberg, 1978) across environments. Correlations 
between stability parameters have been reported (Langer et al., 1979; 
Hanson, 1970; Nguyen et al., 1980; Becker, 1981; Gray, 1982), but they 
were not consistent among studies. 
Multivariate techniques also have been used to assist breeders in 
the study of genotype-environment interactions for situations that were 
not easily explained by simpler methods of statistical analysis. 
Mungomery et al. (1974) and Byth et al. (1976) used pattern analysis 
for characterizing genotype response to variable environments. A 
primary goal of the pattern analysis approach is to detect either 
similarity of response among genotypes or environmental similarity. 
Unlike the linear regression approach, pattern analysis requires no 
previous assumption regarding genotypic response across environments, 
so that any pattern of response may be identified (Eisemann et al. , 
1977). Differences in response patterns can be related to the genetic 
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background and selection history of the genotypes being evaluated 
(Eisemann et al., 1977). Hierarchical cluster analysis techniques, 
one branch of pattern analysis, are used in most instances to define 
groups of genotypes (Eisemann et al., 1977). 
The present study was conducted to investigate the effect of 
selection-induced differences on genotype-environment interactions, and 
to compare statistical procedures available for characterizing the 
patterns of response of genotypes grown under different environmental 
conditions. Long-term recurrent selection studies conducted in Iowa 
Stiff Stalk Synthetic provided the genetic materials for the study. 
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MATERIALS AND METHODS 
The basic germplasm source was 'Iowa Stiff Stalk Synthetic' (BSSS). 
A detailed review on the origin, characteristics, and breeding history 
of BSSS was presented by Hallauer and Miranda (1981), and Hallauer et 
al. (1983). Nine strains of BSSS were used. The nine strains included 
the original BSSS stock (BSSSCO) maintained at Ames, Iowa, a resynthe-
sized strain (BSSSCO') developed by recombining 15 of the 16 original 
lines that formed BSSS, and seven strains developed from selection 
programs for yield improvement and pest resistance conducted in the 
cooperative federal-state maize breeding project at Ames. The strains 
and selection procedures used in those programs were described 
previously- (Sprague, 1946; Penny and Eberhart, 1971; Eberhart et al., 
1973; Rogers et al., 1977; Russell et al., 1979) and only a brief 
description of the selection methods and traits under selection will 
be included. 
BSSS(R)C8 was developed from BSSS by eight cycles of reciprocal 
recurrent selection with 'Iowa Corn Borer Synthetic #1' [BSCBl(R)] as 
the tester (Penny and Eberhart, 1971; Eberhart et al., 1973). Selection 
was primarily for yield. 
BS13(S)C2 was developed from BSSS by seven cycles of half-sib 
selection and two cycles of S2 selection (Hallauer and Smith, 1979). 
Selection was primarily for yield. The seven cycles of half-sib 
selection were conducted using the double-cross Ial3 [(L317 x BL239) 
(BL345 X MC401)] as the tester, and the improved population was 
designated BSSS(HT)C7. After S^ selection was initiated in BSSS(HT)C7, 
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the improved breeding population was redesignated as BS13(S). 
BSSS(CB)C3 was developed from BSSS by three cycles of selection 
for first-generation European corn borer (Ostrinia nubilalis Hubner) 
resistance (Russell et al., 1979). BSSS(CB)C3 did not have any previous 
selection for grain yield. 
BSSS2(S1)C3 and BSSS2(S2)C2 were developed from BSSS2 by three 
cycles of and two cycles of selection for yield, respectively. 
BSSS2 is [BSSS(R)C4 x BSSS(HT)C6] Syn-3 developed from BSSS by two 
methods of selection with primary emphasis on yield (Russell et al., 
1971). 
BS17 is a strain developed by the intercrossing of BSSS(R)C7, 
BSSS(HT)C7, BSSS2(S2)C2, BSSS2(S1)C3, and two selections from BSSSC3 
(Russell, 1979). Only the first four strains had been previously 
selected for grain yield. 
BSSSCRW)C2 was developed from BSSS by two cycles of S^ selection 
for corn rootworm (Diabrotica virgifera Le Conte) resistance (Rogers 
et al.. 1977). BSSS(RW)C2 did not have any previous evaluation for 
grain yield. 
Diallel crosses were produced among the nine strains of BSSS at 
Ames in 1979. Seed of each strain was increased by sib-pollination 
within 150-plant plots, and seed of the strain crosses was produced by 
crossing a minimum of ICQ plants of each strain. In both instances, 
seed was obtained on each plant by cross fertilization, and no male 
inflorescence was used to pollinate more than two ear shoots. In 1980, 
at least 100 plants of each of the nine strains and each of the 36 
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crosses were self-pollinated to produce the generation. All 
pollinated ears were harvested and shelled in bulk. The shelled bulks 
were thoroughly mixed before a sample of seed was taken to use in the 
evaluation trails. Seed of 90 entries, therefore, was available from 
the nine BSSS strains for evaluation. Ten check entries were added, 
which included a composite of single crosses developed from BSSS, the 
Sj^ generation of the composite of single crosses, three hybrids (B73 x 
B79, B73 X B84, and B77 x Mol7), the S^ generation of each of the three 
hybrids, B73 x Mol7, and a farmers entry. B73, B77, B79, and B84 are 
elite inbreds derived from BSSS(HT)C5, BS11(FR)C0, BSIOCFR)CO, and 
BSSS(HT)C7, respectively. 
The 100 entries were evaluated at Kanahwa, lA, Ames, lA, and 
Columbia, MO, in 1981, and at Ames, Ankeny, and Martinsburg, lA, in 
1982. Experimental design was a 10 x 10 lattice -with two 
replications in each environment. All trials were machine-planted and 
-harvested with no gleaning of ears from lodged plants. Two-rows 
plots 5.3 m long with 76 cm between rows were used. Final stands 
ranged from 43,000 to 53,000 plants ha Data were collected on all 
plots for grain yield adjusted to 15.5% moisture content (Mg ha ^), 
grain moisture content (percentage), and stand (number of plants per 
hectare). Data for percentage of root and stalk lodging and dropped 
ears were measured, but they will not be included in this study. 
An analysis of variance was computed for each trait by using plot 
means for each environment and combined over environments. Because 
significant differences among entries were detected for stand in the 
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trials conducted at Ames in 1981 and Martinsburg in 1982, individual 
and combined covariance analyses were computed for yield using stand 
as the independent covariable. The analyses were based on the original 
experimental design. Because of the two levels of inbreeding (SQ and 
generations) for the entries evaluated, individual and combined con­
ventional (randomized complete block design) analyses of variance were 
further computed for each of the two generations. 
Two stability analyses similar to that based on the model proposed 
by Eberhart and Russell (1966) were computed for each generation using 
entry means adjusted for lattice block and stand differences. One 
analysis involved the modification suggested by Fripp and Caten (1971), 
and Jinks and Connolly (1973), which includes using one or more cultivars 
as standards to assess the environment. The mean of the checks in each 
environment was used as the environmental index in this study. The 
other stability analysis involved the modification suggested by Mather 
and Caligari (1974), which includes regressing the mean of each entry 
on the mean of all the other entries in the corresponding environment. 
2 Coefficients of regression (b^, b^), deviations from regression (S^ , 
2 2 2 ^ ), and the coefficients of determination (r^, were estimated 
from each of the two stability analyses, respectively. The first two 
statistics were tested against 1 and 0, respectively. 
Other stability parameters calculated for each entry in each 
generation were: (a) the range across environments (R^) (Langer et al., 
2 1979); (b) the variance across environments CS^) (Francis and 
Kannenberg, 1978); (c) range of residuals across environments (Rj), 
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where a residual is the value of a given entry in a given environment 
after removing the corresponding entry and environment effects; (d) 
2 
variance of residuals across environments S^; (e) the average square, or 
Euclidean distance, to the origin (E^); (f) "ecovalence" values (E^) 
(Wricke, 1962); and Cg) "stability variance" (S^) (Shukla, 1972). 
Tests of normality (Shapiro and Wilk, 1965) were conducted for each 
of the stability parameters estimated. I'Jhen normality was not a valid 
assumption, logarithm or square root transformations were used to improve 
the approximation to normality. Product-moment correlations were 
calculated for all possible pairs of stability parameters, including 
the mean yield across environments (X), to determine their level of 
linear association for this particular data set. Cluster analyses were 
performed to classify stability parameters in each generation. The 
single-link method (Everitt, 1974) was employed in each case. The 
matrix of product-moment correlations was used to create the clusters. 
Dendrograms that show the relation among stability parameters were 
obtained. On the basis of these results, a selected group of stability 
parameters was identified. The selected group was constituted by X, 
2 2 2 2 b^, , b,, , r^, and E^. Cluster analyses based on information 
relative to the selected set of parameters were calculated to detect 
similarities in general adaptation among the BSSS strains and among the 
strain crosses. The single-link procedure also was used for the 
clustering and the corresponding dendrograms were obtained. 
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RESULTS AND DISCUSSION 
Highly significant (P _< 0.01) differences for entry, environment, 
and entry x environment interaction sources of variation were detected 
for both generations in the combined analyses of variance (data not 
shown). The entry x environment interaction mean squares for the SQ 
and S^ generations were 1.76 and 1.77 times larger, respectively, than 
their corresponding pooled error mean squares, and 6.69 and 7.96 times 
smaller, respectively, than the entry mean squares for each analysis. 
This suggests that changes in magnitude in entry performance across 
environments were more important that changes in ranking. The average 
coefficient of variation was 12.63% for the S^ generation and 14.92% 
for the S'^ generation. The range in environmental means was 5.85 to 
9.05 Mg ha ^ in the SQ generation, and 3.25 to 5.99 Mg ha ^ in the S^ 
generation. The overall mean was 7.96 Mg ha ^ for the SQ generation 
and 4.89 Mg ha ^ for the generation. 
Estimates of 13 stability parameters for yield were obtained for 
each entry in each generation. Product-moment correlation coefficients 
between these parameters, including the average yield across environ­
ments, are presented in Table 1. A weaker association between the 
mean yield (X) and each of the stability parameters was observed in the 
SQ generation (first-row coefficients) than in the S^ generation 
(first-column coefficients). This suggests that the level of heterozy­
gosity of the genotypes being evaluated may have a significant effect 
on the relationship between their grain yielding capacity and their 
ability to respond to environmental changes. Previous reports, without 
Table 1. Product-moment correlation coefficients^ between stability 
parameters computed from yield (Mg ha~^) data collected in 
a population diallel evaluated at six environments during 
1981-82 
Stability parameters 
Stability ^ 
parameters X h  S 
2 
<^1 
r 
2 b 2 S 
2 
^2 
2 
^2 
X 0 .  11 -0 .  28 0 .  33* -0 .  08 -0 .  13 0 .01 
0.  39** 0.  25 0 .  64** 0.  89** 0.  02 0.63** 
0.  04 0 .  14 -0 .  53** 0.  58** 0.  61** 0.06 
2 
^1 0 .  20 0 .  63** -0 .  61** 0 .  30* -0 .  42** 0.49** 
^2 0.  28 0.  93** 0.  41** 0 .  41** 0.  07 0.70** 
0.  24 0 .  15 0 .  42** -0 .  28 0 .  07 -0 .61** 
4 -0 .  09 0 .  ,47** -0 .  08 0 .  ,57** 0.  56** -0 .  ,60** 
0.  40** 0.  ,91** 0.  38** 0.  ,37** 0.  ,89** 0.  ,41** 0.24 
y 0.  35* 0.  ,92** 0.  50** 0.  ,30* 0.  ,96** 0,  ,33* 0.32* 
"i 0.  ,32* 0.  .12 0 .  ,25 -0 ,  ,23 0,  ,05 0,  ,71** -0.61** 
4  0,  37** 0,  .11 0.  ,27 -0 .  .26 0.  .00 0,  .80** -0.70** 
E 
u 
0,  .35* 0 .13 0,  ,27 -0  .24 0.  .03 0 .79** -0.67** 
E 
c 
0,  .36** 0 .13 0,  .27 -0  .24 0 .03 0 .79** -0.67** 
0,  .37** 0 .11 0,  .27 -0  .26 0 .01 0 .80** -0.67** 
^Above the diagonal for data from strains and strain crosses per 
se, and below the diagonal for data from the generation. 
b — Stability parameters included the mean (X), regression coefficients 
(b^ and b2), deviations from regression (S^ and ), coefficients of 
determination (r^ and r^), range (]^), variance (s|), range of residuals 
(Rj), variance of residuals (Sj), Euclidean distance (E^), "ecovalence" 
values (Eg.), and "stability variance" (S^). 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
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Stability parameters 
R s2 K S? E E S y y I I u c V 
-0.10 -0.11 -0.10 -0.08 -0.08 -0.09 -0.08 
0.79** 0.83** -0.13 -0.14 -0.14 -0.14 -0.14 
0.70** 0.73** 0.34* 0.39** 0.37** 0.37** 0.39** 
0.11 0.14 -0.41** —0.44** -0.42** -0.42** -0.44** 
0.88** 0.95** -0.14 -0.12 -0.14 -0.14 -0.13 
0.45** 0.36** 0.81** 0.87** 0.86** 0.86** 0.87** 
0.36** . - 0.48** -0.76** -0.76** -0.78** -0.78** -0.76** 
0.95** 0.21 0.23 0.22 0.21 0.23 
0.96** 0.09 0.12 0.12 0.10 0.12 
0.35* 0.28 0.97** 0.98** 0.98** 0.97** 
0.36** 0.26 0.92** 0.99** 0.99** 0.99** 
0.37** 0.28 0.94** 0.99** 1.00** 1.00** 
0.37** 0.28 0.94** 0.99** 1.00** 0.99** 
0.36** 0.26 0.92** 1.00** 0.99** 0.99** 
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considering the level of heterozygosity, have differed. Low and 
usually nonsignificant associations were reported by Langer et al. 
(1978, 1979) in oats (Avena sativa L.) and Oyervides-Garcia et al. 
(1981) in maize, whereas Eagles et al. (1977) and Fatunla and Frey (1974), 
in oats, and Ron-Parra (1984) in maize found significantly positive 
associations. A. previous genetic analysis of the information included 
in this study (Oyervides-Garcia and Hallauer, 1984) revealed that 
inbreeding depression effects on yield were less in highly selected 
strains and in crosses involving the highly selected strains, which 
suggests that inbreeding depression played a role in the correlations 
reported in Table 1. 
Correlations between the stability parameters were variable, and 
some differences existed when coefficients calculated in each of the 
two generations were compared (Table 1), The cluster dendrograms in 
Figure 1 were constructed to provide a simpler illustration of the 
interrelationships among the parameters. The overall pattern of inter­
relationships tended to be similar for both generations. The range of 
2 
residuals (R^), the variance of residuals (S^), Euclidean distances 
(E^), "ecovalence" values (E^), and "stability variance" (S^) were the 
parameters most closely related with each other (r ^  0.92). The 
2 
coefficients of regression (b^, b^), variance (S^), and range (R^) 
across environments also showed highly significant positive associations 
with each other. Hanson (1970) and Becker (1981) also found a highly 
significant positive association between the coefficient of regression 
and the variance, and Becker (1981) suggested that both parameters 
Absolute correlation Absolute correlation 
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Figure 1. Dendrogram from cluster analysis of stability parameters computed from yield data 
collected for nine BSSS strains and 36 diallel strain crosses evaluated at six 
environments during 1981-82 (a^ee bottom of Table 1 for description of parameter 
representations) 
79 
provide a measure of stability, according to a biological concept of a 
stable genotype (one with a constant yield). According to Becker's con­
cept, a biologically stable genotype would have a regression coefficient 
nearly zero. Becker (1981) reported higher correlations than the ones 
2 listed in Table 1 between deviations from regression (S, ) and 
1 
"ecovalence" values. Based on his concept, an agronomically stable 
genotype would have deviations from regression and "ecovalence" values 
as small as possible. Eberhart and Russell (1966) defined a stable 
cultivar of maize for the United States as one with a regression 
coefficient of unity and zero deviations from regression. Langer et al. 
(1978) indicated that according to this stability concept the 
coefficient and deviations from regression measure, respectively, the 
yield response to improving environments and the stability of produc­
tion. Langer et al. (1978) measured stability of production using the 
coefficient of determination. 
The results presented in Table 1 and Figure 1 were used to select 
a group of stability parameters for comparison among the BSSS strains 
and among the strain crosses. The selected set of parameters is listed 
in Tables 2 and 3. Responses in mean productivity of the selected 
strains relative to BSSSCO were discussed in detail in a previous 
publication (Oyervides-Garcia and Hallauer, 1984). There was no 
evident trend of response in the Sq generation for the regression 
coefficients (b^, bg) in relation to the selection history of the 
different strains (Table 2). None of the coefficients of regression 
was significantly different from unity, but BS17 was the most responsive 
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Table 2. Mean yield across environments (X), coefficients of regression 
(b^, b_), deviations from regression (S^ , ), coefficients 
2  2  1 2  
of determination (r^, r^) and "ecovalence" values (E^) for 
nine BSSS strains evaluated in six environments 
Stability parameters 
Strain r < ^2 < E c 
BSSSCO 6.33^ 0.67 0.75 0.52 0.86 0.12 0.93 0.61 
3.70 0.59 0.68* 0.43 0.81 0.31 0.74 1.37 
BSSSCC 5.79 0.57 0.52 0.53 0.53 0.54 0.51 3.79 
3.05 0.70 0.04 0.95 0.66 0.17 0.78 1.23 
BSSS(R)C8 7.27 0.59 1.59* 0.28 0.87 0.72 0.68 2.89 
4.31 0.93 0.74* 0.63 1.12 0.33 0.83 1.34 
BS13(S)C2 7.83 0.69 0.45 0.66 0.65 0.47 0.64 2.72 
-
5.82 1.28 0.82* 0.74 1.26 1.11** 0.65 4.59 
BSSS(CB)C3 6.69 1.16 2.51** 0.49 1.49 0.70 0.86 4.40 
3.58 0.71 0.66** 0.53 0.95 0.20 0.86 0.76 
BS17 7.55 1.10 3.62** 0.38 1.30 2.54** 0.56 10.38 
4.88 0.97 0.52 0.73 1.15 0.15 0.92 0.68 
BSSS2(S1)C3 7.50 0.71 1.10 0.45 0.83 0.65 0.68 2.71 
4.81 1.37 0.41 0.89 1.45 0.40 0.87 2.54 
BSSS2(S2)C2 6.90 0.46 0.39 0.50 0.50 0.29 0.63 3.05 
4.18 0.59 0.38 0.57 0.72 0.19 0.79 1.12 
BSSS(RW)C2 5.13 0.40 1.86** 0.14 0.80 0.89 0.59 3.72 
3.05 0.73 0.75* 0.51 0.99 0.20 0.87 0.78 
% ha"^. 
^Upper values are for the SQ generation and lower ones are for the 
S^ generation. 
*,**Significant at the 0.05 and 0.01 levels of probability, 
respectively. 
Table 3. Mean yield across environments (X), coefficients of regression (bj^, b2)> deviations from 
regression (S§ , S? ), coefficients of determination (r?, r§) and "ecovalence" values 
(E^) for the SQ generation of 36 crosses between nine BSSS strains evaluated in six 
environments 
Stability parameters 
—a 2 2 2 2 
Strain cross X b^ S, r, b„ S r E 
1 dj^ 12 dg 2 c 
BSSSCO' X 
BSSSCO' 6 .79 1 .32 0 .27 0 .92 1 .27 0 .29 0 .92 1 .65 
BSSS(R)C8 7 .79 1 .13 0 .63 0 .79 1 .17 0 .26 0 .91 1 .20 
BS13(S)C2 8 .20 1 .07 1 .78** 0 .54 1 .23 0 .91 0 .76 3 .86 
BSSS(CB)C3 6 .78 1 .14 2 .42** 0 .49 1 ,53 0 .28 0 .94 3 .14 
BS17 7 .28 1 .02 1 .41* 0 .57 1 .19 0 .49 0 .85 2 .15 
BSSS2(S1)C3 7 .08 1 .05 1 .17 0 .63 1, .15 0 .59 0 .81 2 .42 
BSSS2(S2)C2 7 .64 1, .22 0 .46 0 .86 1, 24 0, .16 0 .95 1 .03 
BSSS(RW)C2 6 .10 0 .99 1, .72** 0 .51 1, .30 0, .23 0 .94 1 .52 
X 7, .21 1, 12 1, .23 0, .66 1, ,26 0, ,40 0 .89 2, .12 
; BSSS(R)C8 7, 70 1, 58 1, 41* 0, ,76 1, ,56 1, ,25* 0 .79 7, .07 
BS13(S)C2 7, 40 0. 83 1, .07 0. 54 1. 01 0. 29 0. .86 1, .10 
BSSS(CB)C3 6, ,95 0. ,80 1, .76** 0. 40 0. 96 1. 12 0. ,62 4. ,30 
BS17 7, 80 1, .28 0, .93 0. 76 1. 30 0. 60 0. 84 2. ,95 
BSSS2(S1)C3 8. ,36 0. 52 0. 23 0. 67 0. ,47 0. 27 0, .62 3. 23 
BSSS2(S2)C2 6. 83 0. 93 1, .01 0. 61 1. 02 0. 52 0. 80 1. 99 
BSSS(RW)C2 6, .96 1. 21 1. ,20* 0, .69 1. ,18 1. ,13 0. 71 4. 55 
X 7. 35 1. 06 0, .99 0. ,67 1. 10 0. 68 0. ,77 3. ,36 
X BS13(S)C2 9. 37 0. 66 0. 27 0. 74 0. 53 0. 47 0. 55 3. 49 
BSSS(CB)C3 7. 67 0. 62 0. 54 0. . 56 0. 73 0. 16 0. ,87 1. ,17 
BS17 7. 78 0. 81 0. 66 0. 64 0. 91 0. 19 0. 90 0. ,79 
BSSS2(S1)C3 8. 45 1. 05 1. 69** 0. 54 1. 33 0. 25 0. 93 1. 73 
BSSS2(S2)C2 8. 00 1. 21 0. 57 0. 82 1. 25 0. 15 0. 95 1. 05 
BSSS(RW)C2 7. 41 0. 81 1. 32* 0. 47 0. 98 0. 61 0. 76 2. 34 
X 8. 02 0. 98 0. 89 0. 67 1. 06 0. 42 0. 83 2. 36 
BS13(S)C2 X BSSS(CB)C3 8.11 0. 83 
BS17 8.66 0. 98 
BSSS2(S1)C3 8.31 0. 81 
BSSS2(S2)C2 8.38 0. 64 
BSSS(RW)C2 7.47 1. 37 
X 8.24 0. 90 
BSSS(CB)C3 X BS17 7.71 0. 96 
BSSS2(S1)C3 7.80 0. 95 
BSSS2(S2)C2 7.53 0. 83 
BSSS(RW)C2 6.28 0. 74 
X 7.35 0. 86 
BS17 X BSSS2(S1)C3 7.57 1. 31 
BSSS2(S2)C2 7.84 0. 07* 
BSSS(RW)C2 7.03 0. 95 
X 7.71 0. 92 
BSSS2(S1)C3 X BSSS2(S2)C2 7.64 0. 55 
BSSS(RW)C2 6.93 0. 70 
X 7.77 0. 87 
BSSS2(S2)C2 X BSSS(RW)C2 6.80 0. 51 
X 7.58 0. 75 
BSSS(RW)C2 X 6.87 0. 91 
a - —1 
Mg ha 
*,*ASignificant at the 0.05 and 0. 01 : 
1.55* 0.45 1.10 0.43 0.84 1.73 
0.68 0.72 1.06 0.21 0.91 0.83 
1.79** 0.40 0.97 1.15* 0.62 4.40 
1.55* 0.32 0.62 1.50* 0.34 6.82 
0.98 0.78 1.42 0.51 0.88 3.21 
1.21 0.56 0.99 0.68 0.72 3.18 
0.93 0.64 1.14 0.05 0.98 0.32 
0.81 0.67 1.04 0.30 0.88 1.16 
0.40 0.76 0.68 0.73 0.56 3.58 
4.63** 0.18 1.27 2.50** 0.56 10.08 
1.63 0.52 1.06 0.70 0.78 3.19 
1.29* 0.70 1.43 0.42 0.90 2.97 
0.45 0.02 0.22* 0.36 0.22 6.11 
1.25* 0.56 1.15 0.30 0.90 1.30 
0.95 0.58 1.05 0.33 0.81 2.18 
0.22 0.71 0.28 0.60 0.21 6.32 
0.82 0.51 0.72 0.65 0.62 3.07 
1.00 0.60 0.92 0.53 0.70 3.16 
0.80 0.37 0.62 0.50 0.61 3.00 
0.68 0.56 0.74 0.56 0.58 3.74 
1.59 0.51 1.08 0.80 0.75 3.63 
s of probability, respectively. 
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(b^ = 1.10; = 1.30) of the strains that have been selected previously 
for yield improvement. Thus, selection for yield improvement increased 
mean productivity of the selected strains, but selection did not have a 
significant effect on the response to increasing environments of the 
selected strains in the SQ generation. Previous reports do not agree 
on the effects of selection and responsiveness of selected strains. 
Russell (1974) with maize and Langer et al. (1978) with oats reported 
a decrease in responsiveness to better environments in improved 
materials. An increase in responsiveness, however, was detected by 
Moll et al. (.1978) in improved populations of maize and their population 
crosses. BSSS(CB)C3, a strain selected only for resistance to Ostrinia 
nubilalis Hubner, was highly responsive, compared to the original 
BSSSCO strain. The magnitude of the estimates of deviations from 
2 2 2 2 
regression (S , S, ) and coefficient of determination (r,, r„) (Table 
di d2 12 
2)., suggest a slight trend toward less stability of production in the 
yield selected strains. Different results were obtained for the 
generation of the BSSS strains (Table 2). Selection for yield improve­
ment increased mean productivity and responsiveness to better environ­
ments in the S^s of the improved strains. This increase in responsive­
ness was probably caused by the reduced inbreeding effects shown in 
the strains improved for yield, relative to the unimproved strains. 
3SSS2(S1)C3, BS13(S)C2 and BS17 were the most responsive strains, and 
they also were highest yielding strains. There was no well-defined 
trend in stability of production in relation to the selection history 
of the different strains. BS13(S)C2, the highest yielding strain. 
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was one of the most unstable across environments. 
Selection for yield improvement increased average yield and 
decreased average responsiveness of the SQ generation of the eight 
crosses involving a common strain (Table 3). But, in the generation, 
there was an increasing trend for average yield and average responsive­
ness to better environments (Table 4). Well-defined changes in average 
stability of production due to selection for yield improvement were 
absent in the two generations. Thus, these results and the ones 
obtained for the strains per se suggest that the amount of selection 
for yield improvement applied to BSSS was either not adequate to detect 
significant general changes in stability of production in any generation 
or the environmental range was not sufficient to detect general trends. 
Nevertheless, the performance of some strains per se [i.e., BS17 and 
BSSS(R)C8 in the generation and BS13(S)C2 in the generation; 
Table 2] and some crosses [i.e., BS13(S)C2 x BSSS2(S1)C3, BS13(S)C2 x 
BSSS(S2)C2 and BS17 x BSSS2(S2)C2 in the generation, and BS13(S)C2 x 
BSSS2(S2)C2 in the generation; Tables 3 and 4, respectively] suggest 
that significant specific deviations in stability of performance may 
occur in selected materials (all were considerably less stable than 
BSSSCO). The two strains selected only for pest resistance [BSSS(CB)C3 
and BSSSCRW)C2] tended to perform differently than BSSSCO in both 
responsiveness and production stability. 
Cluster dendrograms showing the relationships among the nine BSSS 
strains on the basis of the information contained in Table 1 are 
presented in Figure 2. Five main clusters can be distinguished in the 
Table 4. Mean yield across environments (X), coefficients of regression (b^, ^ 2^' deviations from 
regression (S^ , ), coefficients of determination (r?, r^) and "ecovalence" values 
0.2 -L / 
(Eg) for tl;?. generation of 36 crosses between nine BSSS strains evaluated in six 
environments 
Stability parameters 
—a 2 2 2 2 Strain cross X b^ S, r b„ S, r„ E i 1 Z d^ 2 c 
BSSSCO' 
BSSSCO' 3.94 0.98 0.31 0.82 1.05 0.24 0.86 0.92 
BSSS(R)C8 4.48 0.71 0.58 0.56 0.93 0.16 0.88 0.63 
BS13(S)C2 5.28 1.47 0.50 0.86 1.62* 0.22 0.94 2.76 
BSSS(CB)C3 3.44 0.90 1.31** 0.47 1.26 0.39 0.85 1.82 
BS17 4.36 0.61 0.28 0.66 0.65 0.24 0.70 1.54 
BSSS2(S1)C3 4.47 0.25 0.61 0.13 0.43 0.46 0.35 3.47 
BSSS2(S2)C2 4.15 0.62 0.21 0.73 0.75** 0.01 0.99 0.35 
BSSS(RW)C2 3.46 0.47 0.99** 0.24 0.67 0.70 0.42 3.25 
X 4,20 0.75 0.60 0.56 0.92 0.30 0.75 1.84 
BSSS(R)C8 4.67 0.70 0.31 0.70 0.78 0.22 0.78 1.12 
BS13(S)C2 5.18 0,81 0,63* 0.60 0.98 0.29 0.81 1.13 
BSSS(CB)C3 3.35 0.67 0.60 0.52 0.90 0.17 0.87 0.68 
BS17 4.03 0.52 0.07 0.86 0.56** 0.02 0.95 1.08 
BSSS2(S1)C3 4.54 1.03 0.06 0.96 0.99 0.30 0.82 1.14 
BSSS2(S2)C2 4.38 0.86 0.33 0.76 0.95 0.19 0.87 0.73 
BSSS(RW)C2 3.52 1.25 0.14 0.94 1.26 0.31 0,87 1.52 
X 4.20 0.85 0.31 0.77 0.93 0.20 0.85 1.04 
X BS13(S)C2 6.18 1.16 0.52 0.79 1.32 0.20 0.92 1.25 
BSSS(CB)C3 4.43 0.47 0.24 0.57 0.62* 0.05 0.92 0.93 
BS17 4.68 0.85 0.65* 0.61 1.05 0.23 0.86 0.90 
BSSS2(S1)C3 4.50 0.96 0.68* 0.66 1.14 0.29 0.85 2.69 
BSSS2(S2)C2 5.31 1.15 0.35 0.85 1.27 0.17 0.92 1.02 
BSSS(RW)C2 4.27 0.90 0.67* 0.64 1.12 0.20 0.90 0.82 
X 4.82 0.90 0.50 0.67 1.03 0.19 0.88 1.17 
BS13(S)C2 X BSSS(CB)C3 5.19 0.81 
BS17 5.14 0.98 
BSSS2(S1)C3 5.53 1.32 
BSSS2(S2)C2 5.24 0.34 
BSSS(RW)C2 4.51 1.24 
X 5.28 1.02 
BSSS(CB)C3 % BS17 4.56 0.48 
BSSS2(S1)C3 4.70 1.14 
BSSS2(S2)C2 4.44 0.63 
BSSS(RW)C2 3.41 0.78 
X 4.19 0.74 
BS17 X BSSS2(S1)C3 4.95 0.87 
BSSS2(S2)C2 4.78 1.15 
BSSS(RW)C2 4.17 1.02 
X 4.58 0.81 
BSSS2(S1)C3 X BSSS2(S2)C2 4.72 1.01 
BSSS(RVJ)C2 4.72 0.54 
X 4.77 0.89 
BSSS2(S2)C2 X BSSS(RW)C2 3.67 0.88 
X 4.59 0.83 
BSSS(RW)C2 X 3.97 0.89 
^Mg ha 
*,**Significant at the 0.05 and 0.01 
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Figure 2. Cluster dendrograms showing the relationships among nine BSSS strains [1 - BSSSCO; 
2 = BSSSCO'; 3 = BSSS(R)C8; 4 = BS13(S)C2; 5 = BSSS(CB)C3; 6 = BS17; 7 = BSSS2(S1)C3; 
8 = BSSS2(S2)C2; and 9 = BSSS(RW)C2] from information on average yield across six 
environments and selected stability parameters 
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dendrogram corresponding to the Sq generation (left); one includes 
five strains and the others include only one strain. The five-strain 
cluster included the resynthesized version of BSSS (BSSSCO') and four 
strains selected for yield improvement [BSSS2(S2)C2, BSSS2(S1)C3, 
BSSS(R)C8, BS13(S)C3]. The other four one-strain clusters included 
the original BSSS strain (BSSSCO), a strain selected only for resistance 
to Ostrinia nubilalis Hiibner [BSSS(CB)C3], a strain developed by inter­
crossing yield improved BSSS strains (BS17), and a strain selected only 
for resistance to Diabrotica virgifera Le Conte [BSSS(RW)C2]. The 
position of the strains along the x-axis of the dendrogram have no 
meaning because clusters can be rotated about their point of fusion. 
The dendrogram suggested that there were major differences in grain 
yielding capacity and ability to respond to environmental variations 
among the BSSS strains, and that those differences could be related to 
the selection background of BSSS. A visual representation of the 
patterns of response exhibited by the five clusters is presented in the 
upper part of Figure 3. BSSSCO' was deleted from the five-strain 
cluster (A). A comparison of lines (clusters) E, B, and C 
revealed that even though BSSS(CB)C3 and BSSS(RW)C2 had not been 
selected for yield improvement, selection for pest resistance caused 
important changes in both yielding capacity and ability to respond to 
environmental changes. BS17 (line, or cluster D), outyielded BSSSCO 
(line E) in good and. poor environments, whereas in intermediate ones 
both strains performed similarly. Highly selected strains [line A; 
BSSS2(S2)C2, BSSS2(S1)C3, BSSS(R)C8 and BS13(S)C2], on the average. 
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Figure 3. Response of BSSS strains and clusters of BSSS strains for 
grain yield across six environments in 1981-82 (see Figure 2 
and text for group composition) 
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performed better than BSSSCO (line E) across the environmental range; 
the response, however, tended to be greater in poorer environments. 
These results suggest that recurrent selection for yield improvement 
in BSSS was effective for increasing the frequency of favorable alleles 
for increasing yield in all types of environments, particularly in less 
favorable ones. For improved populations that will be used as germplasm 
sources for obtaining superior new inbred lines, average performance in 
a range of environments is desirable. Selection under different 
environmental conditions in each cycle, variations in selection 
criteria, and changes in agricultural practices occurred during the 
selection process were probably the main causes of the general 
adaptation exhibited by the improved strains. 
Five main clusters were evident in the dendogram corresponding to 
the S^ generation (Figure 2, right). One cluster included BSSSCO, 
BSSS(CB)C3, BSSS(RW)C2, BSSS2(S2)C2, and BSSS(R)C8. The other four 
one-strain clusters included BS17, BSSS2(S1)C3, BSSSCO', and BS13(S)C2. 
The differences in grain yielding capacity and general adaptation 
suggested by cluster analysis seemed to be related to the inbreeding 
depression of the S^^ generation of the different strains and to their 
corresponding selection criteria. The five-strain cluster includes the 
strains that exhibited the greatest inbreeding depression (42, 46, 41, 
39, and 41%, respectively; Oyervides-Garcia and Hallauer, 1984). The 
inbreeding depression exhibited by BS17 (cluster G), BSSS2(S1)C3 
(cluster H) and BS13(S)C2 (cluster J) was 35, 36, and 26%, respectively. 
A visual representation of the patterns of response for clusters 1, 2, 
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3, and 5 is presented in Figure 3 (lower part). The generation of 
BS17 had a more stable trend of response across environments (line G) 
than its corresponding generation. BS13(S)C2, the strain with the 
longest history of selection (nine cycles), showed an outstanding 
performance across all environments. 
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CONCLUSIONS 
Grain yield responses of BSSS strains and strain crosses were 
accompanied by changes in ability to respond to environmental variations. 
Recurrent selection was effective in increasing the frequency of 
favorable alleles for increasing yield in all types of environments, 
particularly in less favorable ones. Responsiveness to better environ­
ments (as measured by the regression coefficient) differed in the two 
generations studied (S^ and S^). The S^ generation of selected strains 
and crosses of the selected strains tended to be more responsive. No 
obvious trend of changes in stability of production (as measured by the 
deviations from regression) due to selection for yield improvement was 
detected in any of the two generations, although individual performance 
of some strains and crosses, relative to the original BSSS strain, 
suggested that important deviations may exist. Selection for pest 
resistance in BSSS(CB) and BSSS(RW) caused important changes in both 
yielding capacity and ability to respond to environmental changes. 
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GENERAL CONCLUSIONS AND DISCUSSION 
Results suggested important selection-induced differences among 
the BSSS strains and their strain crosses. The information presented 
in Section I indicated that the different selection programs conducted 
in BSSS were effective for increasing the frequency of favorable alleles 
for specific traits, particularly grain yield and root lodging resist­
ance. The effectiveness of recurrent selection for yield improvement 
was reflected in the performance per se of the selected strains and in 
the average cross performance of the selected strains. Average cross 
performance of the strains was closely related to the yields per se of 
the strains (r = 0.90**), and, with few exceptions, the best crosses 
included the best strains as parents. Selection for resistance to 
Diabrotica virgifera Le Conte did have a significant negative correlated 
effect on grain yield, but produced a significant improvement in root 
lodging resistance. The negative correlated response observed in yield 
was due to drift and an apparent negative association between resistance 
to Diabrotica virgifera Le Conte and yield. Three cycles of selection 
for resistance to Ostrinia nubilalis Hubner did not have a significant 
effect on yield. Drift was an important factor for the lack of 
significant correlated response on yield performance when selecting only 
for resistance to Ostrinia nubilalis HQbner. 
Results from the combining ability analyses for yield indicated 
that selection seemingly was effective for improving the general 
combining ability (GCA) of the selected strains. Generally, the largest 
positive GCA effects were obtained from the strains with the longest 
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history of selection. Magnitude of estimates of additive effects for 
yield from the analyses of gene effects also tended to reflect the 
selection history of each strain. Estimates of dominance effects 
(positive and similar in magnitude for all the strains) indicated that 
intrapopulation dominance effects were important in BSSS. Relative 
magnitude of the heterosis estimates suggested considerable genetic 
divergence for yield among the BSSS strains. Changes in gene frequency 
and level of dominance due to selection under different environmental 
conditions, use of different selection methods, and the effects of drift 
and sampling were probably the main reasons for the genetic divergence 
among strains of BSSS. The magnitude of the heterosis estimates of the 
crosses involving BSSSCO suggested a positive relationship between 
genetic divergence and length of the selection history of the strains. 
A'reduction in yield improvement due to the cumulative effects of 
using restricted population sizes during the selection process was 
detected. Larger effective population sizes will be required in future 
cycles to avoid cumulative effects of inbreeding resulting from genetic 
drift, and, consequently, to permit long-term response to selection. 
Another alternative to reduce the effects of drift is by intercrossing 
improved strains and selecting in advanced generations. 
Results of Section II showed that yield responses of BSSS strains 
and strain crosses were accompanied by changes in ability to respond 
to environmental variations. Recurrent selection was effective in 
increasing the frequency of favorable alleles for increasing yield 
in all types of environments, particularly in less favorable ones. 
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Responsiveness to better environments differed in the two generations 
studied. The generation of selected strains and strain crosses 
tended to be more responsive. No obvious trend of change in stability 
of production due to selection for yield improvement was detected in 
any of the two generations, although individual performance of some 
strains and strain crosses, relative to the original BSSS strain, 
suggested that important deviations may exist. Selection for pest 
resistance in BSSS(.CB) and BSSS(.RW) caused important changes in both 
yielding capacity and ability to respond to environmental changes. 
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APPENDIX 
Table Al. Mean squares from combined analyses of variance for five traits for a diallel among nine 
BSSS strains and for checks, all compared at six environments during 1981-82 
Mean squares 
Source of variation 
Degrees of 
freedom 
Grain 
yield 
Grain 
moisture 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Mg ha ^ Z-
Environments (E) 5 2512. 929** 6225 .16** 952, .83** 32278 .95** 23 .36** 
Replicatlons/E 6 20. 326** 27 .37** 80 .93** 248 .68** 1 .23 
Entries 99 38. 270** 7 .72** 46 .41** 290 .90** 2, .02* 
Populations 89 33. 445** 7, .86** 47. 22** 267 .47** 1 . 76** 
Diallel 44 7. 405** 7. ,53** 48. ,24* 277. 21** • 1, .37 
Among strains 8 9. 569** 9, .28** 71. 72 379. 38** 0. 98 
Among crosses 35 6. 534** 7. ,16** 44, ,25 261. ,73** 1. 42 
GCA 8 27. 734** 28. ,36** 176. ,27** 1251. ,27** 3, .47* 
SCA 36 2. 879** 2. ,89 19. 79 60. ,75 0. ,90 
Strains vs Crosses 1 53. 922** 10. ,25 1. 35 3. ,65 2. ,07 
Diallel a H 44 6. 108** 7. 81** 47. ,12* 263. ,88** 2. ,13** 
Among strains h 8 10. 107** 9. 51* 100. ,20* 346. ,56** 2. ,73 
Among crosses h 35 5. 144** 6. ,80** 35. ,68 251. 50** 2. ,01* 
GCA a 8 27. 882** 19. 50 151. ,42** 1114. ,86** 2. ,84** 
SCA s 36 1. 283* 5. 21 23. 94 74. 77 1. 97* 
Strains H VS Crosses h 1 10. 974** 28, 02** 22. 08 11. 79 1. 23 
Diallel vs Diallel s 1 2381. 999** 22. 19 4. 49 19. 85 2. 89 
Strains vs Strains b 1 371. 621** 11. 76* 10. 14 1. 93 0. 94 
Crosses vs Crosses h 1 2018. 500** 12. 62 0. 60 32. 20 2. 01 
Checks 
Checks vs Strains 
Checks vs Crosses 
Checks a 
Checks H vs Strains h 
Checks a vs Crosses la 
Entries x E 
Populations x E 
. Dlallel X E 
Among strains x E 
Among crosses x E 
CCA X E 
SCA X E 
Strains vs Crosses x E 
Dlallel H X E 
Among strains h x E 
Among crosses a x E 
GCA H X E 
SCA H X E 
Strains h vs Crosses h x E 
Dlallel vs'Dlallel h x E 
Strains vs Strains h x E 
Crosses vs Crosses h x E 
5 12.058 
1 126.792** 
1 58.464** 
3 3,056 
1 63.677** 
1 45.633** 
495 • 1.376** 
445 1.162** 
220 1.290** 
40 1.429** 
175 1.615** 
40 2.306** 
180 1.064** 
5 . 2.204* 
220 0.629 
40 0.706 
175 0.602 
40 1.199* 
180 0.501 
5 0.318 
5 1.050 
5 0.317 
5 2.194* 
% indicates bulk of S^ lines or S^ generation. 
*,**Signifleant at the 0.05 and 0.01 probability 
10. 92** 40. 92 77. 33 0.24 
1. 05 50. 78 1654. 26 0.09 
11. 78* 53. 33 2027. 05 0.44 
0. 36 13. 19 18. 67 1.05 
43. 10 110. 01* 393. 62 4.19* 
14. 01 74. 58 627. 46 2.40 
3. 87** 33. 83** 95. 19** 1.51** 
3. 60** 31. 78** 81. 20** 1.13** 
3. 28 32. 03* 79. 40** 1.03 
3. 43 38. 75* 77. 98 0.86 
3. 24 31. 01* 80. 85** 1.41** 
3. 92 50. 99*A 178. 07** 1.50* 
3. 14 25. 31 57. 47 0.92 
2. 80 13. 52 39. 47 1.12 
3. 78* 31. 42* 79. 77** 1.24** 
4. 22* 41. 74** 87. 45* 2.39** 
3. 68* 28. 90 79. 42** 1.37** 
21. 35** 44. 94** 175. 10** 1.08 
3. 67* 28. 41 58. 47 1.27* 
3. 98 36. 73 31. 27 1.31 
10. 10** 37. 44 222. 14** 0.46 
6. 45 33. 11 62. 78 1.58 
8. 19* 24. 25 167. 14* 0.07 
, respectively. 
Table Al. (Continued) 
Source of variation 
Degrees of 
freedom 
Grain 
yield 
Mean squares 
Grain 
moisture 
Root 
lodging 
Stalk 
lodging 
Dropped 
ears 
Mg ha -1 
Checks X E 
Checks vs Strains x E 
Checks vs Crosses x E 
Checks H X E 
Checks a vs Strains h x E 
Checks H vs Crosses a x E 
Pooled effective error 
25 4.691** 3.90 
.5 0.532 3.57 
5 1.994* 5.70 
15 4.157** 2.88 
5 1.490 31.54** 
5 1.787* 26.54** 
498 0.808 3.04 
58.43** 100.05* 1.45 
35.86 455.69** 1.00 
53.20 503.99** 1.00 
24.72 117.31* 3.48** 
39.39 247.54** 1.07 
76.59* 343.68** 1.69 
26.89 58.64 1.05 
Coefficient of variation (%) 14.72 7.58 127.86 52.03 218.32 
